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to  ^1 1  mill  inc  uctaiis  oi  HIS metnod.  i* rom  the  sdcntific  aspect 
it  is  doubtful  wheth^  he  can  explain  the  aiu>c  of  his  success. 
GeoermUy  speaking  it  may  be  stated  that  practical  orchid  growers 
have  not  yet  solved  the  problem  of  produdug  orchid  pUmts  fton 
seeds 

Tlie  difficulty  of  germinnting  seeds  of  orchids  is  due  in  part  to 
inherent  cau-^f*^.  hut  undoubtedly  \^  due  a!=o  to  environmental 
factors.  1  hr  r\trcnu-ly  :-mnI!  ?t/«,'  of  iht-  (.inbryo  renders  it  liable 
to  death  if  it  hc-c-otnr>  (Icmm  ,it.;'i,  (iejierally  the  seeds  are  sown 
on  a  '=uh'^tratuni  rich  in  organic  matter,  -nch  as  sawdu-^t,  leaf 
moiti.  vvoud  or  b.irk.  peat,  'sphnf^num,  or  mixtures  oi  the  Iwu  last- 
aaoMxl  ikubstances.    Ihese  sul>.^uaces  are  favorable  for  the  growth 
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Lbwis  Kmudson 
(with  ihsee  figuses) 

The  germination  of  orchid  seeds  for  a  long  Lime  has  been  recog- 
nized as  difficult  and  generally  uncertain  of  attainment.  Practical 
orchid  growers  for  years  have  attempted  to  find  a  method  which 
wiU  insure  germinatlcMi.  Thqr  meet  with  sucons  at  times,  but 
fail  utterly  on  a  second  attempt  with  the  same  method.  More- 
over, two  sowings  made  at  tht  same  time  and  under  iqipairently 
identical  conditions  may  result  in  germination  in  the  one  case  and 
failure  in  the  other.  There  are  growers  in  En^and,  France,  and 
also  the  United  States  who,  if  one  may  believe  reports,  are  con- 
sistently successful  in  ggrminatrng  the  seeds  of  the  commercially 
important  orchids.  The  grower,  however,  is  naturally  unwilling 
to  part  with  the  details  of  his  method.  From  the  sd^tific  aq>ect 
it  is  doubtful  whether  he  can  explain  the  cause  of  his  success. 
Generally  speaking  it  may  be  stated  that  practical  orchid  growers 
have  not  yet  solved  the  problem  of  producing  orchid  plants  from 
seeds. 

The  difficulty  of  germinating  seeds  of  orchids  is  due  in  piart  to 
inherent  causes,  but  undoubtedly  is  due  also  to  environmental 
factors.  The  extremely  small  size  of  the  embryo  renders  it  liable 
to  death  if  it  becomes  desiccated.  Generally  the  seeds  are  sown 
on  a  substratum  rich  in  organic  niatler,  such  as  sawdust,  leaf 
mold,  wood  or  liark,  peat,  sphagnum,  or  mixtures  of  the  two  last- 
named  substances.    1  iieae  substances  are  favorable  for  the  growth 
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of  furrji  :Vnd  algae,  and  the  embryos  may  be  killed  because  of  being 
.cawred  by  these  organisms,  or  more  likely  by  injurious  substances 
■  l>f<xluced  by  the  decomposition  of  these  organisms.  The  work  of 
.  *•,  iiLTR(.F.FF  (4)  and  Bernard  (2)  demonstrates  that  death  may  be 
.  Iv-  *  due  to  pathogenic  fungi,  and  the  writer's  experiments  in  trans- 
planting  seedlings  from  Lubes  to  open  pots  demonstrate  clearly 
this  danger.  In  addition  to  these  factors,  aLleiuion  must  be  given 
to  preventing  loss  due  to  insect  f>csts.  As  suggested,  however,  there 
are  apparently  inherent  characteristics  of  the  seeds  which  make 
for  rdractory  germiaatioii.  It  is  this  which  attracted  the  attentioii 
of  Bernasd,  who  in  a  number  of  publications  presented  evidence 
tending  to  show  tliat  the  germination  of  the  seeds  and  the  sub- 
sequent growth  of  the  seedlings  are  dependent  upon  infection  by 
certain  strains  of  the  fungus  which  generaJly  i^found  living  in  the 
orchid  root,  and  which  Bernabo  considered  to  be  Rhwtctoma. 
BuROm  came  to  substantially  the  same  oonclusioiis»  maintaining 
that  germination  was  possible  only  when  the  embryo  became 
infected  with  the  proper  strain  of  the  fungus,  to  which  he  gave  the 
name  Orckeomyces,  wiUiOUt  attempting  to  classify  it. 

Besnakd  and  Bxtrgept  both  pointed  out  that  infection  of  the 
embryo  began  at  the  suspensor  end  of  the  seed,  and  that  in  the 
case  of  CatUeya  and  related  forms  the  primary  infection  occurred 
through  the  deUcate  susj)ensor.  Growth  occurred  if  only  the 
lower  portion  of  the  embryo  became  infected,  and  if  the  infection 
continued  beyond  approximately  the  lower  third  of  the  embryo, 
then  fieath  of  the  embryo  resulted  Tt  was  also  observed  in  germi- 
nating: embryos  that  the  fungus  disintegrated  in  the  infected  zone, 
forming  clumps  of  disintegrated  hyphal  material  in  the  cells  similar 
to  the  clumps  found  in  cells  of  the  root.  It  was  the  opinion  of 
Bernard  that  the  fungus  was  digested  by  the  orchid  embryo.  The 
essential  point  to  be  noted,  however,  is  that  a  delicate  balance 
between  the  host  and  the  fungus  apparently  must  be  maintained  in 
order  to  insure  germination  and  also  to  prevent  death  of  the  embryo. 

Granting  for  the  present  that  a  symbiotic  relationship  exists 
between  the  fungus  and  the  embryo,  it  is  nevertheless  true  that 
failure  of  germination  is  more  common  than  success,  even  when 
the  fungus  is  provided.  Bernard's  experiments  reveal  case  after 


Digitized  by  Google 


KNUDSON— ORCHID  SEEDS 


3 


case  in  which  the  introductioii  ot  the  fungus  was  foUowed  by  death 
of  the  seeds  or  failure  to  genninate.  He  states  as  follows: 

The  genninalion  by  inoculation  is  not  obtained  without  certain  difficulties. 
For  five  years  I  have  sown  feeds  of  diverse  species  of  occhids  in  cnltture  tubes, 
each  of  which  contained  lOO  seeds,  and  these  I  have  inoculated  with  Rkizoctonia 
obtained  from  the  roots.  AltoRcthor,  I  have  obtaint'tl  a  few  hundreds  of 
seedlings,  but  I  undercstimatL'  when  1  plact-  (he  number  of  seeds  used  in  my 
ei^riments  at  50,000.  For  the  majority  of  the  seeds,  the  association  with 
the  fungus  that  I  have  placed  in  thdr  presence  has  been  merely  passive  and 
without  effect,  or  impasmble  or  rapidly  injurious  to  the  embryos.' 

Tli€  explanation  generally  offered  in  these  cases  is  that  "ac- 
tivity" of  the  fungus  was  altered  or  the  proper  strain  was  not 
employed,  so  that  the  essentially  delicate  balance  between  the 
fungus  and  the  embryo  was  not  maintained. 

In  certain  experiments  Bernard  succeeded  in  germinating 
seed*  of  Caltleya  and  Laelia  without  the  intervention  of  the  fuugus. 
This  was  accomplished  by  using  a  more  concentrated  solution  of 
salep.  Salep  (King,  6)  is  the  dry  powder  obtained  by  pulverizing 
tubers  of  certain  orchids,  and  contains,  principally,  mudkge  48  per 
ceatr  starch  37  per  cent,  and  pzoteins  5  per  cent  It  probably 
contains  also  some  sugar  as  well  as  soluble  mineral  matter.  The 
seedlings  obtained  in  this  way  were  in  every  respect  normal  and 
the  germination  was  very  r^ular.  Bsbnakd  suggests  that  some 
such  method  might  be  developed  for  practical  purposes,  since  the 
results  with  the  fungus  are  so  unsatisfactory. 

The  increasmg  importance  of  orchid  culture  in  America,  the 
difficulties  in  and  the  restrictions  on  the  importation  of  orchid 
plants,  and  the  desirability  of  creating  new  hybrid  forms,  make 
particularly  desirable  a  method  for  germinating  the  seeds.  Certain 
data  from  the  experiments  of  Bernabo  and  Borgeff,  indicating 
that  soluble  organic  compounds  might  cause  germination,  and  ray 
own  previous  experiments  (7)  on  the  organic  nutrition  of  plants, 
demonstrating  that  various  sugars  have  a  very  favorable  influence 
on  growth,  are  indications  that  germination  of  orchid  seeds  might 
be  obtained  by  the  use  of  certain  sugars.    This  proved  to  be  true. 

The  results  here  reported  describe  a  method  for  germinating 
the  seeds  under  sterile  conditions,  the  iniiuence  ot  certain  sugars 
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am  growth  of  the  embiyos,  the  uifluence  of  differeiit  ooncentiatioiis 
of  sugar  on  growth,  the  effects  mduced  by  certain  plant  extracts, 
the  favorable  influence  of  certain  bacteria,  and  experiments  on 
transplanting.  In  the  discussion  are  treated  critically  the  ideas 
expressed  by  Bsknasd  and  Burgbff  with  req)ect  to  die  function 
of  the  fungus. 

For  a  clearer  understanding  of  the  data  that  follow,  it  is  desir^ 
able  to  trace  briefly  the  mode  of  development  in  the  germination 
nf  seeds  of  Cattleya  and  Ladia.  For  a  detailed  discussion. 
Bernard's  paper  should  be  consulted.  The  embryo  is  somewhat 
oval-shaped,  anci  is  undilierentiated  except  that  the  cells  at  the 
basal  ret'ion  are  large,  while  those  at  the  apical  region  are  smaller. 
Tlus  IS  the  meristematic  region.  At  the  base  is  subtended  a  delicate 
suspensor.  The  embryo  is  inclosed  within  a  transparent  integu- 
ment with  an  opening  at  the  lower  end  through  which  the  suspensor 
may  protrude.  The  maximum  length  of  the  embryo  of  CaMeya 
or  La  did  is  about  250^1  and  the  width  about  75^1. 

Germination  consists,  first,  in  an  enlargement  of  the  embryo  in 
a  transverse  direction  until  a  small  spherule  stage  is  reached. 
Accompanying  this  development  there  is  the  formati<m  of  chloro- 
phyll, generally  more  pronounced  In  the  mertstem  region.  The 
embryo  when  it  ruptures  the  integument  has  a  width  of  about  1 7  5^1 
and  a  length  of  about  370M.  At  the  time  of  rupturing  the  integu- 
ment,  absorbmg  hairs  begin  to  grow  out  from  the  epidermis.  Sub- 
sequent development  consists  in  a  ftuther  enlargement  of  the 
embryo,  other  absorbing  hairs  begin  to  develop  near  the  basal 
region,  and  there  is  attained  a  large  spherule  or  top-shaped 
structure  characterized  by  a  marked  depression  at  the  upper 
surface.  Following  this  there  appears  in  the  middle  of  the  depres- 
sion  the  first  leaf  point,  which  subsequently  develops  into  the  first 
leaf.  During  this  period  there  is  a  continued  increase  in  the 
diameter  of  the  embryo,  so  that  a  disklike  structure  is  formed  which 
has  been  termed  by  Bernard  the  protooorm.  At  the  meristematic 
region  a  second  and  a  third  leaf  may  unfold,  elongation  may  occur, 
and  a  distinct  stem  is  apparent.  The  lirst  root  may  arise  either 
from  the  protocorm  or  from  the  stem  below  the  second  or  the  third 
leaf.   The  period  required  for  these  developments  is  generally 
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from  four  to  six  months.'  Under  greenhouse  conditions  this 
advanced  stage  has  apparently  been  attained  in  some  cases  in  a 
shorter  time. 

Mertihods 

Unless  otherwise  indicated,  all  cultures  were  made  using  agar 
slopes  in  culture  tubes  i8omm.Xi8mm.  The  nutrient  solution 
used  was  either  Pfcflcr's  or  a  modification  referred  to  hereafter 
as  solution  B.    The  solutions  were  made  up  as  follows: 

SoLirnoN'  B  Pfekkkk's 
Ca(i\0,)„  I  gm.  Ca(NO,)„  4  gm. 

K1HPO4, 0.35  9^  K1HFO4, 1  gm. 

MgSO^yHjO,  0.2s  gm.  MgS047H/),  x  gm. 

Fei(PO,)„  0.05  j-m.  KNOj.  i 

(NH^)jSO^.  0.50  gm.  KCI,  0.5  gm. 

Distilled  H,0,  1 1.  FeCl,,  40  mgm. 

DistiHed  H,0,  5  1. 

Solution  B  was  used  because  Burgeff  stated  that  the  orchid 
seeds  utilized  ammonium  sulphate  to  better  advantage  than  the 
nitrate  salt.    My  own  experience  Is  not  in  accordance  with  this. 

Generally  1.50  per  cent  agar  was  used,  and  all  media  and  vessels 
were  autoclaved  at  fifteen  pounds  pressure  for  thirty  minutes. 
To  prevent  the  lodging  of  spores  and  microorganisms  on  the 
cotton  stopper  of  the  culture  tube,  it  was  capped  ^nth  a  small 
vial  which,  fitting  tightly  over  the  cotton  plug,  inclosed  the  upper 
third  of  the  tube.  The  use  of  the  vial  cap  was  essential  because 
Otherwise,  under  the  moist  greenhouse  conditions,  contamination 
resulted  from  spores  growing  down  tlirough  the  cotton  plug  or 
between  the  plug  and  the  tube.  By  using  the  vial  cap  cultures 
remained  pure  even  after  a  year  in  the  greenhouse. 

The  cultures  were  all  grown  under  aseptic  conditions.  For 
sterilizing  the  seeds,  the  caldum  hypochlorite  method  of  Wilson 
(13)  was  used.  For  this  purpose  10  gm.  of  calcium  hypochlorite 
was  added  to  140  cc.  of  distilled  water.  This  was  vigorously 
shaken  for  a  few  minutes  and  then  filtered.  The  dear  filtrate  was 
used  for  sterilizing  the  seeds.  The  quantity  of  seeds  desired  was 
placed  in  a  small  test  tube  and  the  dear  filtrate  added.  The  tube 
was  then  shaken  until  each  seed  became  moistened  with  the  solution. 
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This  was  Kpeated  sevoal  times,  since  the  seeds  genentUy  float 
together  in  a  mass  at  the  surface  of  the  liquid.  Hie  period  of 
exposure  was  about  fifteen  minutes,  although  in  some  preliminaxy 
experiments  with  seeds  of  CaiUeya  and  Ladia  no  injury  was  noted  * 
after  a  three  hours'  exposure.  The  seeds  were  transferred  from 
the  sterilizing  solution,  without  any  previous  rinsing  in  water,  by 
the  use  of  a  platinum  needle.  With  the  small  loop  used,  it 
was  possible  to  pick  up  about  loo  seeds.  These  were  scattered 
over  the  surface  of  the  agar  sk^.  The  cultures  were  maintained 
in  moist  chambers  in  the  greenhouse  shaded  by  cheesecloth  from 
direct  sunlight,  with  the  temperature  between  15**  and  35°  C.  In 
detennining  growth,  the  embryos  were  measured  by  means  of  an 
ocular  micrometer.  As  was  shown  by  both  7^ t  t' v  t?d  and  Burgeff, 
the  width  of  the  embryo  or  the  protocorm  may  be  accepted  as  a 
good  criterion  of  the  degree  of  growth.  Other  data  are  included, 
such  as  percentage  of  germination,  time  of  formation  of  first  leaf, 
color,  starch  content,  etc. 

Preliminary  experiments 

Experiment  1.  -On  December  7,  1918,  seeds  of  Caitlcya 
SchroederaeXC.  j^ign^s  were  sterilized  by  treating  them  lor  two 
hours  with  the  calcium  hypochlorite  solution.  The  seeds  were 
sown  on  agar  slopes.  The  medium  used  in  one  case  was  an  extract 
of  peat,  made  by  autodaving  300  gm.  of  bog  peat,  such  as  is  used 
for  potting  orchids,  with  120Q  cc.  of  tap  water.  This  was  filtered 
and  the  dear  brownish  filtrate  used.  The  other  medium  was  made 
by  autodaving  400  gm.  <rf  dormant  canna  tubers  with  600  oc.  of 
water  for  thirty  minutes.  By  January  7, 19x8,  the  seeds  on  botli 
were  in  the  small  spherule  stage  and  were  green.  On  April  10. 
four  mouths  after  planting,  the  seeds  on  the  canna  medium  had 
^nninated,  the  seedlinga  having  one  and  two  leaves.  On  the 
peat  agar  medium  the  embryos  were  a  little  larger  than  on  January 
7, 19x9,  but  not  significantly  different. 

Experiment  2.— The  media  used  were  extracts  of  carrot  and 
garden  beet.  The  carrot  extract  was  made  by  autodaving  70  gm. 
of  young  carrots  (root)  with  75  cc.  of  tap  water,  and  the  gardm 
beet  extract  was  made  by  autodaving  50  gm.  of  young  beets  (root) 
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with  75  cc.  of  water.  The  extracts  were  filtered,  and  to  the  clear 
filtrate  1.25  per  cent  agar  was  addetl.  Seeds  of  Cattleya  labiatnX 
C.  aurca  were  sterilized  and  planted  on  February  14.  1919.  On 
Ma\-  13  some  of  the  seeds  in  each  had  germinated  and  the  remainder 
were  almost  germinated,  that  is.  they  were  just  at  the  point  of 
producing  tlw  first  leaf. 

ExpERDCENT  3.— Tlie  media  used  were  Ffeffer's  atone  and 
Ff effer's  plus  i  per  cent  sucrose.  Seeds  of  Caittteya  mossiae  were 
planted  on  January  14, 1919.  On  July  i  the  seeds  in  the  sucrose 
culture  had  germinated,  one  leaf  showing.  On  the  Ffeffer's  alone 
the  embryos  were  in  a  small  green  spherule  stage,  the  diameter 
being  about  350^,  while  the  diameter  of  the  embryos  on  sucrose 
was  about  looofi. 

ExpEsniENT  4.— Seeds  of  Cattleya  inUrmedia  XC.  Lawreneeama 
were  sown  on  July  18,  1919,  on  solution  B  plus  3  per  cent  glucose 
on  the  one  hand  and  2  per  cent  sucrose  on  the  other.  Owing  to 
an  absence  from  the  University,  the  cultures  were  not  f»ftTiinfd 
until  June  9,  1920.  At  that  time,  in  both  glucose  and  sucrose 
cultures,  the  seedlings  were  well  developed,  although  the  culture 
media  had  lost  most  of  the  water  by  evaporation.  The  seedlings 
had  two  or  three  lea  ses  and  one  or  two  roots,  some  of  the  roots 
being  4  mm.  in  length. 

Ittfluence  of  eertidn  sugars  and  plant  extracts  on  germination 

The  prehminary  experimetiN  -^liow  that  germination  of  seeds 
of  Cattleya  and  Laelia  is  possible  without  the  aid  of  the  fungus, 
provided  soluble  organic  substances  are  present,  particularly 
sugars.  In  all  these  cases  the  leaf  point  appeared  only  after  three 
months,  and  yet  under  practical  greenhouse  conditions,  when  the 
seeds  are  sown  merely  on  a  compost  of  peat  and  ^hagnum  or  other 
ocganic  material,  the  leaf  points  may  appear  in  a  diorter  time. 
For  enmple,  according  to  Mr.  T.  L.  BIead,  of  Oviedo,  Florida, 
seeds  of  Cattleya  have  shown  leaf  points  in  as  short  a  period  as 
thirty-five  days.  Some  of  the  media  used  by  him  were  oak  bark, 
magnolia  baik,  and  a  compost  of  decayed  leaves  and  afihagnum. 

It  is  posaibte,  of  ooune,  that  under  these  practical  conditions 
the  fungus  is  a  factor  in  the  growth.  Is  it  possible  also  that  certain 
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of  the  products  produced  on  decomposition  of  the  organic  sub- 
stances, such  as  the  auximoncs  described  by  Bottomley  (3)  or 
the  vitamine  water-soluble  B.  are  involved  in  the  germination  of 
orrbid  seeds?  Of  course  other  factors  may  be  involved,  such  as  the 
hydrogen  ion  concentration,  mineral  salts,  or  the  rate  of  trans- 
piration, particularly  as  influencing  the  organic  composition  of  the 
plant. 

That  a  full  nutrient  medium  plus  sugar  is  not  capable  of  sustain- 
ing continued  growth  of  higher  plants  was  shown  by  Knudson  and 
LixDSTROM  (8)  in  their  experiments  with  albmo  com.  The  plants 
kept  cither  in  the  light  or  in  the  dark  and  supplied  witli  one  of 
several  different  sugars  all  died  after  a  month  or  two.  These 
experiments,  together  witih  the  work  of  Bottoioey  on  auximones, 
the  benefidal  influence  of  vegetable  extracts  on  the  growth  of 
fungi  recently  described  by  Duggas  (5)  and  by  Willaman  (ii), 
and  the  ben^dal  influence  of  vegetable  extracts  on  the  growth  of 
yeast  as  described  by  Williams  (13)  and  by  Bachhamn  (i)  suggest 
that  more  rai»d  gennination  and  more  vigorous  plants  could  be 
obtained  if  a  vegetable  extract  was  added  to  the  nutrient  medium. 

With  no  idea  of  detennining  what  apedfic  substances  are 
involved  in  stimulating  growth,  but  in  the  endeavor  to  develop  a 
rapid  and  effective  method  for  the  germination  of  seeds  of  certain 
oicfaids,  the  experiments  described  in  table  I  were  made.  The 
nutrient  solution  used  was  solution  B. 

Tiie  extracts  used  were  prepared  as  follows.  Potato  extract: 
aoo gm.  of  new  potato  vAi\\  the  skin  removed,  with  300  cc.  of 
distilled  water;  wheat  extract:  200  gm.  of  air-dried  soft  wheat, 
vn\h  300  cc.  of  distilled  water;  beet  extract:  200  gm.  of  a  red 
garden  beet  cut  into  small  pieces,  with  200  rr.  of  distilled  water. 
Extraction  was  made  by  autoclaving  for  liiteen  minutes  at  lilteen 
pK)unds  pressure,  and  the  extracts  obtained  by  filtration.  The 
yeast  juice  was  obtained  as  follow>:  three  four-liter  flasks,  each 
containing  three  liters  of  Wii. mams'  solutions,  were  inoculated 
with  a  cake  of  Fleischman's  \  east,  and  after  a  week  the  yeast  was 
filtered  from  the  solutions,  autolw.ed  at  37°  for  twenty-four  hours, 
and  then  dried  b}'  suction  and  wasliing  witJi  ether.  Sevent\-  gm. 
of  yeast  was  then  steamed  for  ten  minutes  with  250  cc.  of  distilled 
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water.   The  liquid  was  filtered  and  made  up  to  a  liter  volume  by 

the  addition  of  distilled  water. 

All  cultures  were  made  in  quadruplicate.  The  individual 
cultures  of  each  series  were  strikingly  uoiform  in  growth,  so  that 

TABLE  I 


LadiorCatUcya  hybrid  no.  i;*  skkus  planted  August  31,  1920;  ueasukeicents 

KADB  JAKVAKV  37,  ipsi 


wnm  or  mmmK 

10  ni 

Perc-kn-t- 

Ordei  or 

Cduuu  sounoii 

AC£  or 

SUTEU- 

GKRMI KA- 

Oct  I  i  V , 

Minimum 

Maximum 

TtON 

MaKCB27 

AAA 

407 

0 

s 

cxtnct 

» 17 . 

1  ijit  iiULiivitL             ■  nr aw Vb« 

339 

630 

459 

5 

0  WQ •  - • 

174 

436 

391 

7 

B39-- 

Full  iititileiit+9%.ilttcoie 

485 

1 261 

970 

20 

4 

Xj  20  .  .  . 

run  nuincnL  m/iuliuii  siiuiic 

IQ4 

24.' 

- ' 

0 

0 
9 

B27 

Full  nutricnt+2*;c  glucose 
90  cc.  +  io  cc.  beet  extract 

485 

1358 

814 

70 

3 

B34 

Full  nutrient  +2%  glucose 
90  CC.+ 10  oc.  wfacAt  extimct 

S82 

1358 

979 

90 

BSS 

Full  nutrient +  2'"?  glucose 
qS  cc.  +  i  cc.  yeast  extract 

582 

1552 

1076 

90 

B  66 .  . 

l  ull  nutrient +    (  fructose 

776 

1360 

940 

60 

648.. 

Full  nutrient+a' c  fructose 
90  CC.+ 10  cc.  beet  extiact 

485 

1358 

902 

80 

B33... 

Full  nutrient +2*7  fructose 

48s 

1202 

1008 

90 

90  CC.  + 10  cc.  ywtato  extract 
F'ull  nutrient  +  j' ,  fructo-.e 

B31 

582 

1260 

902 

70 

go  CC.+ 10  cc.  wheat  extract 
Fun  nutrieat+»%  {ructoae 
98  CC.+2  CC.  yeast  extnct 

B  5... 

582 

1358 

1047 

80 

843 

Full  nutrient +3%  fructose 
96CC.+4CC.  yeast  eztnurt 

582 

1746 

970 

60 

B  14 

Beet  extract  alone 

242 

872 

388 

B69. . 

Potato  extract  done 

339 

679 

504 

B  6... 

Wheat  extiact  alone 

242 

436 

358 

6 

B74 

Yeast  extract  alone 

^^7 

339 

194 

0 

7 

*  Compgutioo:  L.  FtniHii  Uadl.  i;  C.  kUtla  LimU.  t;  C.  amttkyttettosM  Rckhb.  i;  C.  imitr- 


for  the  first  measurements  only  one  culture  for  each  scries  was 
taken,  and  fortv  indiv'idual  measurements  were  made  for  each 
culture.  The  measurements  given  in  table  I  were  made  on  January 
27,1921.  The  order  of  superiority  of  the  cultures  on  March  27  is 
recorded  in  the  last  column  of  the  table.    Similar  data,  not 
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included,  were  obtained  in  a  like  experiment  with  LatUa^CaUkya 

hybrid  no.  2. 

The  degree  of  development  represented  by  the  numbers  i  to 
S  is  as  follows :  (x)  dark  green  seedlings,  most  of  these  with  two  leaves 
and  a  few  showing  roots;  (2)  seedlings  the  same  as  no.  i,  but  light 
green;  (j"*  spcdlings  light  green,  most  of  Ihem  with  one  leaf  and  a 
few  showmi:  iwo  leaves;  (4)  seedlings  light  green,  with  only  one 
leaf  and  Lha'  ler\f  short;  (5)  about  50  per  cent  of  embr^'os  showing 
leaf  point;  \p)  embr^'os  jii'^t  --howing  a  depression  in  meristem 
region;  (7)  advanced  spherule  stage;  (8)  smaller  spherule  stage. 

The  data  in  table  I  show  that  fructose  is  more  favorable  for 
growth  of  the  embryos  than  glucose.  This  is  apparent  not  only 
in  the  percentage  showing  leaves,  but  in  the  general  appearance 
of  the  cultures.  The  embryos  in  the  glucose  cultures  were  whitish 
or  yellowish  in  color.  On  the  other  hand,  the  fructose  cultures 
were  dark  greeiL  A  more  strikii^  difference  was  noted  on  March 
27,  when  in  the  ghicose  cultures  the  embryos  were  still  yellowish 
and  bad  diown  no  appreciable  gain  since  January  2  7 .  The  f ntctose . 
cultures,  on  the  other  hand,  had  progressed  and  were  still  more 
maikedly  superior  to  the  ghtoose  cultures  than  on  January  27. 
fig.  I  shows  the  fructose  culture  and  the  nutrient  solution  culture 
minus  sugar. 

The  addition  of  a  plant  extract  to  the  glucose  cultures  has  a 
marked  effect  on  growth  and  chlorophyll  development.  In  each 
case  the  percentage  of  germination  is  higher  than  with  glucose 
alone,  and  the  ranking  of  gluoose^ntaining  cultures  on  March  27 
indicates  that  those  with  yeast  or  wheat  extract  rank  with  the 
best  cultures,  that  with  beet  extract  ranks  in  the  third  group,  and 
die  cultures  with  glucose  alone  fall  in  the  fourth  group.  The  addi' 
tion  of  plant  extract  to  the  fructose-containing  media  is  practically 
without  any  beneficial  effect. 

The  loss  or  lack  of  development  when  glucose  is  supplied  in 
the  nutrient  solution  has  been  noted  by  Maze  and  Perreer  (9) 
for  corn,  and  by  Serve rrAZ  (in'  in  nutrition  experiments  with 
moss.  In  the  case  of  orchid  embr\os  tlic  chlorophyll  makes  its 
appearance  only  when  the  leaf  is  developing,  and  then  generally 
only  in  the  leaf.   Even  then  the  leaves  are  only  of  a  light  green 
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color.  Is  clilorofiis  due  to  a  noa>ttti]izatioiL  of  nitrogen  or  icon  tn 
the  presence  of  ghicoae,  or  in  the  upbuilding  of  cUorophyU  is 
glucose  kss  favorable  tban  fructose?   Certain  eqperiments  now 

in  progress  may  throw  some  light  on  this  interesting  point.  aAd  it 
is  therefore  desirable  to  await  the  results  before  speculating  any 
further. 

On  January  27  the  leaf  point  was  not  yet  evident  in  any  of  the 
plant  extract  cultures.  On  March  lo,  however,  in  the  wheat,  beet, 
and  potato  extracts,  embryos  with  leaf  points  were  apparent,  and 
a  little  later  the  same  was  noted  for  the  yea?t  extract  cultures. 
After  several  months  more,  seedlings  with  one  and  two  leaves 
were  to  be  noted  in  all  these  cultures. 

Is  germination  on  these  extracts  due  to  sugars  or  to  other 
substances  ?  Analyses  made  of  the  different  extracts  show  that 
the  potato,  wheat,  and  yeast  extracts  had  a  sugar  content  of  less 
than  0.025  per  cent.  The  extracts  diluted  one-half  with  the 
nutrient  solution,  therefore,  practicall\-  ^pcaking  had  no  sugar. 
The  beet  cxtrai  l  liad  a  sugar  content  of  0.80  per  cent,  yet  it  did 
not  permit  any  better  germination  than  did  the  potato  extract 
with  merely  a  trace  of  sugar.  As  indicated  previously,  it  should 
be  borne  in  mind  that  the  beet  extract  contains  some  substance 
injurious  to  the  embryo.  Furthermore,  the  stimulating  effect  of 
the  phmt  extracts  when  added  to  the  glucose  solutions  must  be 
due  to  substances  other  than  sugars.  In  the  experiments  on  the 
influence  of  concentration  of  sugar,  it  will  be  noted  that  on  the 
concentration  of  0.05  per  cent  no  germination  has  occurred  even 
after  four  months. 

Influence  of  concentration  of  sugar 

In  view  of  the  fact  that  germination  is  posable  when  sugar  is 
supplied  in  the  culture  media,  it  seemed  desirable  to  determine  the 
oonoentration  most  favorable  for  grow  th .  .Accordingly  several  series 
of  Mperiments  were  made,  a  number  of  which  are  here  reported. 
'In  the  first  experiment  seeds  of  Laelia-CaUieya  hybrid  no.  2 
were  used.  These  were  planted  No\'ember  12,  to2o.  and  notes  were 
made  December  16.  1920.  and  January  it,  February  15,  and  March 
15, 1921,   Each  of  the  average  tigures  given  represents  the  average 
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of  thirty  separate  measurements.  Hie  data  are  given  in  table  II. 
Hie  slow  growth  is  well  shown.  There  is  in  general  a  correspond- 
ing increase  with  increase  in  concentration,  but  the  increase  in 
concentration  beyond  0.80  per  cent  is  without  any  significant 
effect.  On  February  15  the  embryos  of  all  the  cultures  were 
examined  for  starch*  It  was  found  only  in  those  cultures  with 
0.80  per  cent  glucose  or  higher.  This  fact  is  evidence  that  the 
absorption  of  ghicose  at  a  concentration  of  0.80  per  cent  is  in 
excess  of  the  utilization,  and  consequently  a  higher  concentration 


TABLE  n 

Influence  or  cowCBNTKAtiow  of  otiroosK,  Ladio'Caaleya  rvbsd  mo.  z;* 

SIF.DS  soft's  X0VK\fnKR 


CULTVU  MUIRIIHI 

Average  wturii  or  chihiyos  ts  iucru.ns 

Januy  iz 

Much  IS 

Solution  B 

145 

174 

Solution  B  0,05%  glucose  

184 

232 

247 

300 

252 

339 

943 

281 

475 

$10 

391 

455 

291 

^^<^ 

533 

320 

4' 7 

54J 

3«> 

436 

523 

*  Compowtion:  C.  Jnaiuui  Rdchb.  |;  C.  LoddiftsU  Ltwll.  i;  L.  purpmrata  Liodl.  1. 


should  be  without  any  increased  beneficial  effect.  It  should  be 
borne  in  mind  that  glucose  used  with  solution  B  is  not  particularly 
suited  for  the  germination  of  orchid  seedlings,  since  there  is  induced 
oonsCantty  in  the  mbryos  a  dutinct  dilorosis.  It  is  probable  that 
higher  concentrations  of  sucrose  or  fructose  would  permit  of  a 
more  rapid  germination. 

The  results  of  several  other  expenments  on  the  influence  of 
different  concentrations  of  glucose  on  the  germination  of  seeds  of 
CaUleya  are  in  agreement  with  these  results,  and  need  no  repetition. 
In  an  experiment  with  seeds  of  EpidendroHt  germination  was 
obtained  with  a  concentratioa  of  0.2  per  cent  glucose.  In  the 
cultures  with  less  than  o.i  per  cent  glucose,  not  only  was  there  a  less 
development  of  the  embryos,  but  a  large  percentage  of  the  seeds 
never  showed  any  initial  swelling  and  development  of  chlorophyll. 
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Tbe  detailed  data  are  gnren  In  table  m.  The  figures  given 
under  avenge  iridth  icfuesent  the  averages  of  forty  individual 
measurements.  Only  seeds  that  had  shown  an  initial  imxeaae  in 

diameter  and  were  green  were  included. 

In  this  eqjeriment  another  interesting  observation  was  made. 
Just  previous  to  the  formation  of  the  leaf  point,  the  embryos  were 
gorged  with  starch.  With  the  formation  of  the  leaf,  however,  there 
was  a  disappearanoe  of  the  starch,  it  having  been  converted  jpto 

TABLE  in 


LNFLUtxcE  OF  coNCEKXJUXiuN  OF  GLUCOSE,  EpidcndroH  iompaucXE.  inosmtm; 
SEKDS  njunxo  Dbcehsek  8,  x^so;  noibs  taken  MAwa  17,  i^ai 
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LEAVES 

Full  nutrient   . 

P  2 
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gs'  'c  no  change 
go%iiodiange 
80  %iM>  dumge 

io''f  no  chanfre 

FuuU  nutrient-f  o.oj'/o  glucose 
Fun  nutrient +o.r  %|pucose 

T'lill  nntrient-f-o  ?  ' ,'  glucose 

P72 

P78 

P81 

116 

1S9 

33Q 

4<»S 

10 

initri«-nt 0  4  ',-f  gluco&e 

P86 

29. 

582 

397 

10 

40*^  r  no  thiinge 

I- u!l  nm  ritnt  ^0  ^  rIucosc 

P91 

194 

446 

20 

50^  t  no  change 

Full  nutrient + 1 . 00%  glucose 
Full  nutrieiit+3 .00%  ^uoow 

P99 

339 

446 

10 

30%  no  change 

P104 

391 

630 

446 

10 

>5%  nodiuiiB 

sugar,  as  evidenced  hy  thv  fact  that  some  of  the  embryos  still 
slioweii  a  slight  presence  oi  dextrins. 

Influence  ol  mieroocsBnisms 

Throughout  the  various  experiments  made  a  few  cultures  always 
became  contaminated.  Generally,  if  the  contamination  was  a 
FenkiUium^  the  lanbryos  became  covered  by  the  mycelium  and 
death  resulted.  Those  embiyos  not  coveted  often  showed  a  marked 
increase  in  growth  over  the  embiyos  in  the  corresponding  uncon* 
tammated  cultures.  The  increase  in  growth  may  have  been  due 
to  one  or  a  combination  of  the  following:  an  increase  in  the  carbon 
dioxide  content  of  the  tube;  a  change  in  the  chemical  character 
of  the  nutrient  medium,  brought  about  either  by  secretion  of  organic 
substances  from  the  fungus  or  by  products  produced  on  decomposi- 
tion of  the  fungus;  or  changes  in  the  sugar  effected  by  extracellular 
enzyme  action. 
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In  an  experiment  with  seeds  of  Epidendron  growing  on  solution 
B  plus  0.80  per  cent  glucose,  one  of  the  cultures  became  con- 
taminated with  a  species  of  Actinomyces.  The  result  was  that  when 
the  embryos  in  the  contaminated  culture  were  dark  green,  with 
one  and  two  leaves,  the  embryos  in  corresponding  uncontaminated 
cultures  were  still  white  or  yellowish  and  only  one  or  two  of  them 
showing  the  leaf  point.    In  the  contaminated  culture  the  embryo 


Fic.  3. — Culture  no.  i,  solution  B  +  2  per  cent  glucose  contaminated  by  Actino- 
mycts  sp.  (corrrtkpondinK  check  like  no  3);  culture  no.  2,  Pfeffer's  +2  per  cent  sucrose 
inoculated  with  Bacillus  radicia)la;  culture  no.  j,  same  but  not  inoculated;  culture 
no  4,  solution  B  +  i  per  cent  glucose;  culture  no.  5,  solution  B  +  2  per  cent  glucose 
inoculated  with  B.  radUicola;  X^. 


had  an  average  width  of  975  m<  while  in  the  uncontaminated  cultures 
the  average  width  of  the  embryos  was  600 /x. 

In  view  of  these  observations,  and  since  Bottomley  reported 
a  beneficial  effect  on  the  growth  of  Lemna  by  the  addition  to  the 
nutrient  solution  of  an  aqueous  extract  of  Azotohacter  or  of  Bacillum 
radicicola,  an  experiment  was  made  to  determine  the  influence  of 
the  latter  organism  on  germination.  Ten  tubes  were  prepared 
with  Pfefler's  solution  plus  2  per  cent  sucrose;  five  were  inoculatetl 
with  B.  radicicola  from  alfalfa,  and  five  were  left  uninoculated. 
Seeds  of  Epidendron  were  sown  on  December  18,  1920.  On  March 
5,  193 1.  80  per  cent  of  all  the  seeds  in  the  inoculated  tubes  had 
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germinated  and  possessed  one  or  two  leavc^  On  the  cultures  not 
inoculated,  the  embryos  lacked  chlorophyll,  and  not  one  had 
produced  even  the  leaf  point.  Most  of  the  pmbr\  o.  exliiijiied  the 
depression  at  the  meristem  region.  Two  monlhs  later  some  of 
the  embryos,  although  still  lacking  chlorophyll,  had  forme<l  the 
leal  point;  while  in  the  inoculated  cultures  the  seedlings  had 
two  and  three  leaves  and  some  had  already  produced  roots  (tig.  2). 

The  results  appeared  so  unusual  that  the  experiment  was 
repeated  with  seeds  of  Laclia-Catikya  hybrid  no.  3.  using  solution 
B  and  also  Ashby's  solution.    The  composition  of  the  nutrient 

TABLE  IV 


In'fluf.nce   of  Bacillus   radicicola  on  Laditt'Caldeya 

HYBKID  NO.  3;*  &E£I»  SOWN  March  1 4,  I921; 
N0TB8  TKXKS  AVGUST  lO,  1921 


Kttttint  mdun 

Avcnute  width 
ill  inlcRMii 

....  »7I 

Solution  B+o.  1' r  gluCOK...  

....  407 

....  8t4 

....  194 

....  378 

....  834 

.\5hby's  sohitinn.   

....  194 

...  446 

....  698 

....  164 

Ashby's  solution+o.  i' ,  glucose  inoculated 

•  ■  397 

.Vsbby's  sulutiun+i  .0%  glucose  inoculated. . . 

....  970 

*OoaipiNitlM:  CiliJcrAaSclwmb.  1;  C.Dtmamk 

solution  and  the  width  of  embryos  are  given  in  tabic  TV'.  The 
fa\orabie  iniluence  of  Barillu^  radicicola  was  noted  only  in  the 
cultures  having  i  per  cent  glucose.  On  solution  H  +  i  per  cent 
i^Iucrtse  the  diameters  of  the  embryos  averaged  the  same  for  both 
the  inoculated  and  the  uninocuiatrd  M  cd.s,  but  tlicre  was  a  striking 
difference  in  the  color  and  the  number  with  leaves.  h\  Uie  unin- 
oailated,  20  per  cent  of  the  embryu^  were  showing  the  leaf  point, 
but  the  embryos  were  wliilish  ill  color,  la  the  inocululed,  50  per 
cent  of  the  embr>'os  showed  leaves,  the  leaf  development  was 
greater,  and  the  embryos  were  green. 
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On  Ashby's  medium  plus  i  i>er  cent  glucose,  the  beneficial 
effect  of  the  organism  was  more  apparent.  There  was  a  marked 
increase  in  the  width  of  the  embryos.  In  the  inoculated  cultures 
all  the  embryos  had  produced  one  or  two  leaves  and  the  embryos 
were  dark  green.  In  the  uninoculated  cultures  only  25  pet  cent 
of  the  embryos  had  produced  a  leaf  point  and  the  embryos  were 
chlorotic  (fig.  2).  On  both  solution  B  and  Ashby's -fr  per  cent 
glucose,  the  influence  of  Bacillus  radicicola  was  so  strikingly  bene- 
fidal  that  it  was  obscr\  able  immediately. 

In  the  cultures  with  o.io  per  cent  glucose  or  no  glucose,  the 
influence  oi  B.  radicicola  seemed  to  be  injurious,  for  in  all  the 
inoculated  cultures  the  average  width  of  the  embryos  was  less 
than  in  the  uninoculated  cultures. 

Hie  cause  of  this  favorable  influence  of  BaeSttm  mdiekda  on 
the  growth  of  orchid  embryos  remains  ^t  to  be  determined.  Some 
eiperiments  were  also  made  in  which  the  cultures  were  inoculated 
with  Atalobacfer  sp.  In  every  case,  however,  there  was  a  marked 
retaidatum  in  growth. 

Transplanting  eiperiments 

On  July  12,  seeds  of  LatUa-CatUeya  hybrid  no.  2  were  sown  on 
solution  B  plus  2  per  cent  fructose  phis  1.5  per  cent  ag»r.  As 
culture  vessels,  Erleum^er  flasks  of  150  oc.  capacity  were  used, 
and  30  cc.  of  the  medium  was  employed.  On  October  14  the 
embryos  were  just  on  the  verge  of  producing  the  leaf  point.  They 
were  then  transferred  to  six  Erlenmeyer  flasks  (D  18  to  D  23) 
containing  50  oc,  of  nutrient  media,  as  foUows:  PfeSer's  solution-|-s 
per  cent  glucose +0.1  cc.  carrot  decoction. 

On  March  i.  tq2o.  the  seedlings  in  cultures  D  18  to  D  23  had 
two  and  three  leaves  with  a  pronounced  protocorm,  and  from  the 
protocorm  one  and  two  roots  had  grown  out,  the  roots  varying 
from  I  to  3  cm.  in  k-ngth;  whereas  in  the  corresponding  tube 
cultures  four  aeedliogs  in  a  hundred  had  produced  roots,  and  these 
roots  weie  only  2  mm.  and  3  mm.  in  length.  On  March  11,  1921, 
.seedHngs  were  transferredj  from  cultures  D  22  and  D  23  to  liter 
Erlenmeyer  flask.s  containing  300  cc.  of  solution  B  plus  or  minus 
bugar.    £ight  cultures  were  made,  four  with  2.0  per  cent  sucrose 


i8 


BOTANICAL  GAZETTE 


(jANUAEY 


and  four  without  sugar.  On  August  20,  192 1,  notes  were  made 
on  these  cultures.  In  the  sucrose  cultures  the  seedlings  had  made 
a  marked  development.  The  largest  seedlings  had  four  and  five 
leaves,  some  of  the  leaves  being  2  cm.  in  length;  while  the  roots  of 
these  seedlings,  two  or  three  in  number,  were  2-5  cm.  in  length 
(fig.  3).    In  the  cultures  lacking  sugar  the  growth  was  less  striking, 

the  leaves  being  2-4  mm. 
and  the  roots  2-10  mm.  in 
length. 

Seedhngs  were  trans- 
planted at  the  same  time 
from  D  23  to  a  compost  of 
peat  and  sphagnum  in  or- 
dinary flower  pots.  These 
seedlings,  on  August  20, 
192 1,  showed  leaves  5-7 
mm.  and  roots  1-2  cm.  in 
length.  These  seedlings 
were  better  than  those 
planted  on  solution  B  in 
the  liter  flasks,  but  not  so 
good  as  the  seedlings  on 
solution  B  plus  2  ^er  cent 
sucrose  in  the  liter  flasks. 

That  better  growth  is 
possible  in  150  cc.  to  500 
e   11-  ij       1  cc.  Erlenmever  flasks  than 

Fio.  3. — Scctlhngs  one  year  old  on  solution 

B+a  per  cent  sucrose;  x!-  culture  tubes  was  dem- 

onstrated repeatedly  dur- 
ing these  experiments.  Erlenmeyer  flasks  of  from  150  to  500  cc. 
capacity,  containing  the  culture  media  left  over  after  supplying 
the  tubes  with  the  requisite  amount,  were  generally  planted  with 
the  seeds  that  remained  after  the  tubes  were  sown.  In  practically 
every  instance  germination  took  place  sooner  in  the  flasks  than  in  the 
tubes.  I  The  probable  explanation  is  that  in  the  tube  cultures  the  in- 
ward diffusion  of  carbon  dioxide  is  impeded  to  a  certain  extent  by  the 
cotton  plug, and,  the  volume  of  air  in  the  tube  being  small,  the  carbon 
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dioxide  is  soon  exhausted.  In  the  larger  flasks,  however,  the  volume 
of  air,  and  therefore  the  volume  of  CO,,  is  much  greater,  from  six  to 
twenty-five  times  as  great,  and  furthermore,  the  area  through 
which  the  CO,  can  diffuse  is  greater  by  virtue  of  the  larger  mouths 
of  the  flasks.  That  the  diffusion  of  CO,  is  impeded  by  a  cotton 
stopper  was  shown  in  a  previous  paper  (Knudsox  7). 

From  the  practical  standpoint  this  would  seem  to  be  a  method 
for  the  propagation  of  orchid  seeds.  The  seeds  may  be  germinated 
in  tiie  small  culture  tubes  or  in  larger  containers,  and  when  roots 
are  produced  they  may  be  transplanted  either  lu  pots  in  the  open 
or  transferred  to  sterile  culture  in  larger  flasks.  My  efforts  to 
develop  the  seedlings  on  peat  sphagnum  mi.xture  in  flower  pots  in 
the  open  resulted  in  lailure  on  several  different  occasions,  due  in 
one  case  to  the  temperature  rumiing  up  to  40°  C,  which  permitted 
a  pathogenic  fungus  to  destroy  utterly  the  seedUngs  in  about 
tw«ity-five  pots.  In  another  case,  during  an  absence  from  the 
dty  the  seedlings  were  destroyed  by  insects.  Previous  to  the 
misfortunes  which  the  seedUngs  experienced  they  had  been  growing 
for  periods  of  three  and  four  months  and  were  malcing  satisfactory 
development  Other  e]q>eriments  are  now  in  progress  on  this 
phase  of  the  question^  Some  tubes  were  sent  to  Mr.  T.  L.  Mead, 
of  Oviedo,  Floridar^some  of  these  were  transpknted  four  and 
five  months  ago,  and  according  to  a  recent  oommiinication  from 
Mr.  Mead,  the  seedlings  transferred  are  continuing  growth,  and 
but  few  seedlings  were  lost  as  a  result  of  transplanting.  The 
results  of  certain  experiments  now  in  progress  indicate  that  mm 
rapid  growth  will  be  obtained  if  the  culture  seedUngs  are  trans- 
ferred to  sterile  media  containing  sugar  and  grown  for  a  year  or 
two  under  these  conditions.  This  method,  moreover,  has  the 
advantage  that  the  seedlings  are  not  exposed  to  the  depredations 
of  insects  or  the  ravages  of  parasitic  fungi.  Furthermore,  con- 
lamination  of  the  cultures  by  Penu  iHium  or  A  s  per  gill  u:^  is  without 
any  injurious  effect,  provided  that  at  the  time  of  transplanting 
the  seedlings  have  roots. 

Discussion 

What  is  the  significance  of  th^  results  in  relation  to  the  views 
advanced  by  Besnabd  and  Bukoeff,  and  quite  generally  believed 
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today,  that  for  the  germination  of  orchid  seeds  inlection  of  the 
embr>'0  by  the  appropriate  fungus  is  essential  ?  Bernard  believed 
that  the  action  of  the  fungus  was  a  physicochemical  one.  in  that 
the  fungus  would  cause  an  increase  in  a  concentration  of  the  cell 
sap,  which  increase  in  concentration  would  induce  germination  and 
the  formation  of  a  protocorm  in  somewhat  the  same  way  that  the 
form  of  algae  could  change  by  increasing  the  concentration  of  the 
external  solution.  He  points  out  that  the  fungus  can  invert 
sucrose  and  this  may  occur  in  the  embryo. 

The  writer  beheves  that  the  fungus  may  bring  about  germina- 
tion in  anulhcr  way.  As  previously  pointed  out.  in  all  his  media 
Bernard  used  a  substance  known  as  salep.  This  is  a  powder 
derived  by  grinding  the  dried  tubers  of  certain  species  of  orchids, 
and  is  rich  in  pentosans  and  starch,  containing  also  about  5  per 
cent  of  organic  nitrogenous  substances.  It  probably  contains 
some  soluble  organic  and  inorganic  matter^  judging  from  Ireedng- 
pmnt  determinations  made  by  Bernard.  In  view  o£  the  fact  , 
that  organic  matter  is  present,  it  is  conceivable  that  the  influence 
of  the  fungus  might  be  to  digest  some  of  the  starch,  pentosans, 
and  nitrogenous  substances;  which  digestion  products,  together 
with  secretions  from  the  fungus  or  products  produced  on  decomposi- 
tion of  the  fungus,  might  be  the  cause  of  germination.  In  brief,  it 
is  conceivable  that  germination  is  induced  not  by  any  action  of 
the  fungus  within  the  embryo,  but  by  products  produced  externally 
•on  digestion  or  secreted  by  the  fungus.  Unfortimately  I  have  not 
as  yet  succeeded  in  satisfactorily  isolating  the  organism  stated  as 
necessary  by  Bernard,  nor  has  it  been  possible  to  purchase  salep. 
Work  is  still  in  progress  on  this  problem.  There  are,  however, 
certain  facts  which  support  the  idea  that  the  action  of  the  fungus 
is  not  necessarily  internal.  Bernard  does  not  give  any  analyses 
of  the  medium  used,  hut  he  does  give  certain  cr^oscopic  data. 
Ihe  nu'dium  generally  used,  made  w  ith  salep,  had  a  freezing-point 
depression  of  0.01°  C.  Assuming  that  this  depresision  (A)  is  pro- 
duced largely  by  hexo-^e  sugars,  it  would  inilicati'  at  the  outset  of  the 
experiment  a  concentration  of  hexose  sugars  ecjuixalent  to  o.i  per 
cent  glucose.  It  i;>  nut  posbible,  of  c<»ur>e.  to  say  that  thi->  depression 
is  due  entirely  to  hejcose  sugars;  perhaps  other  sugars  are  present, 
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as  well  as  other  soluble  oigamc  and  inofganic  substances.  The 
sigatficant  fact  is  that  at  the  outset  some  soluble  origanic  substances 
aie  present* 

In  addition  to  the  soluble  substances  present,  which  apparently 
are  not  sufficient  in  quantity  nor  suitable  as  regards  quality  to 
permit  of  genninaticni,  there  are  to  be  considered  the  insoluble 

organic  substances,  pentosans,  starch,  and  oiganic  nitrogenous 
substances.  Digestion  of  starch  by  the  fungus  would  augment 
the  concentration  of  sugar,  and  digestion  of  the  organic  nitrogenous 
substances  might  produce  certain  products  which  would  make 
possible  the  germination  of  the  seeds. 

In  my  experiments  it  is  true-that  the  sugar  used  generally  was 
of  a  relative!}'  high  concentration,  but  in  the  case  of  Epidendron, 
germination  was  obtained  on  0.2  per  cent  glucose,  which  sugar  is 
not  particularly  favorable  for  growth.  That  other  substances 
besides  sugar  exert  a  pronounced  iuiiuence  is  shown  by  the  experi- 
ments on  the  beneiicial  effects  of  adding  certain  plant  extracts  to 
the  glucose-containing  solutions.  The  fact  that  other  substances 
besides  sugars  may  be  important  in  the  geriiiiiiation  is  shown  by 
the  experiments  in  which  germination  was  obtained  on  decoctions 
of  yeast,  wheat  grains,  or  of  potato.  All  of  these  extracts  contained 
less  than  aoa  per  cent  total  sugar.  Hie  experiments  on  the 
influence  of  BaciUus  radicieola  also  lend  wdght  to  the  idea  that 
certain  extrsneous  products  may  markedly  inflwencft  germination. 

"BuRGEEW,  in  certain  of  his  experiments,  used  2  per  cent  salep, 
but  in  other  eqieriments  he  used  starch,  sucrose,  or  ghioose.  The 
explanations  offered  with  reject  to  the  function  of  the  fungus  in 
disnissing  Beinabd's  work  may  be  used  to  account  for  the  results 
obtained  by  Bdsgbkp.  There  may  appear  to  be  rather  more 
difficulty  in  eiplatning  the  function  of  the  fungus  in  the  cultures 
containing  either  ghicose  or  sucrose.  It  will  be  necessary  to  discuss 
these  in  more  detail. 

In  one  experiment,  seeds  of  CaUleya  were  sown  in  a  tube  con- 
taining a  nutrient  solution  plus  0.33  per  cent  sucrose.  After  three 
months  the  embryos  were  0.4-0.5  mm.  in  width.  Then,  according 
to  BuRGEFF,  they  remained  stationary.  Cultures  four  months  old, 
inoculated  and  maintained  in  the  dark  at  23**  C.»  produced  the  first 
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leaf  at  the  age  of  eight  months.  BmoEn  does  not  state  that  the 
uninoculated  cultures  were  twamta^nurf  under  the  same  condition, 
but  presmuably  they  were.  Grantmg  that  the  tmmooiilated  oil- 
tuie  did  not  produce  leaves,  it  is  possible  to  eqtlain  the  germina- 
tion on  the  basis  of  the  inversion  of  succosei  which  would  yidd 
afipcozimately  concentrations  of  both  glucose  and  fructose  molecu- 
larly  equivalent  to  the  original  sucrose  conooitration.  In  additioii 
there  is  to  be  considered  the  possible  influence  of  products  aecieted 
by  the  fungus  or  produced  on  decomposition  of  the  fungus. 

The  favorable  influence  of  saprophytic  fungi  and  bacteria 
demonstrated  by  my  experiments  is  paralleled  by  certain  cultures 
of  BuRGEFF,  He  transplanted  four  months'  old  "seedlings  to  a 
mineral  nutrient  medium  containing  salep.  Some  of  the  cultures 
became  contaminated  with  saprophytic  organisms.  The  uncon- 
taminatfd  culture  showed  little  erowth.  if  any.  after  three  months; 
while  the  culture  contaminaled  In-  Peuiciiitum  made  n  mirked 
grovvtli,  the  leaves  being  4  cm.  in  length.  Another  saprophytic 
fungus  in  another  culture  likewise  caused  a  marked  increase  in 
growth,  the  leaves  being  about  9  mm.  in  length;  and  in  a  third 
culture  contaminated  by  bacteria  the  seedlings  were  of  similar  char- 
acter to  those  of  the  pure  culture,  but  apparently  darker  green  in 
color.  AD  of  these  seedlings  had  produced  vigorous  roots.  In  the 
pure  culture  some  of  the  seedlings  had  died.  B^kgeff  considers 
that  the  more  favorable  growth  in  the  tube  with  fungus  contaminap 
tion  was  due  to  the  development  of  an  add  reaction  in  the  medium. 
There  is  a  possibility  that  increased  carbon  diioide  content  and 
other  products  produced  by  the  organism  are  partly  responsible. 
It  should  be  stated  that  the  originally  transferred  to  these 

tubes  had  previously  been  infected  by  the  essential  fungus. 

Another  ei^teriment  of  Burgekv  lends  wdgbt.  howeiver,  to  the 
idea  that  the  fungus  is  effective  in  inducing  germination  as  n  result 
of  certain  reactions  brought  about  within  the  embryo.  In  this 
experiment  the  culture  medium  consisted  of  a  weak  nutrient  solu- 
tion plus  Iff  per  cent  starch.  Seeds  of  a  Laelia-CalUeya  cross  were 
planted,  and  the  root  fungus  from  each  of  seventeen  different 
orchids  was  tested  for  its  ability  to  induce  germination.  In  the 
cultures  uninoculated  the  cmbrj^os  attained  a  width  of  0.45  mm. 
in  four  months.   In  certain  cultiures  only  the  suspeosor  became 
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infected.  Hie  diameter  of  the  cmbiyos  in  this  case  reached  ixom 
0.6  to  o.Smin.  in  the  aame  time.  With  infection  still  more 
iMlvancedt  but  less  than  normal,  a  few  seeds  had  leaves  after  seven 
months.  Normally  infected  embryos  produced  leaves,  and  embryos 
that  adhered  to  the  wall  of  the  tube  likewise  germinated.  An  infec- 
tion more  advanced  than  normal  caused  the  same  development  as 
an  infection  slightly  less  than  normal  VVhen  from  one-half  to 
two-thirds  of  the  embryos  became  invaded,  grt)v.  tli  v.  as  less  than 
in  the  embryos  not  infected,  and  in  another  case  the  seeds  were 
killed  outriijht. 

As  staled,  certain  facts  from  liiese  experiments  make  it  difficult 
to  explain  the  action  of  the  fungus  as  purely  external.  If  so,  why 
should  the  fungi  behave  so  differently  in  inducing  or  retarding 
germination  ?  Unfortunately  Burgeff  gives  no  details  so  that  one 
may  judge  whether  or  not  these  results  could  be  duplicated  on  • 
second  trial.  Another  difficulty  is  an  adequate  explanation  for 
the  gennination  of  seeds  adhering  to  the  inner  sui&oe  of  the  culture 
tube.  It  is  possible,  of  course,  that  deoompositioii  products  of  the 
fungus  growing  on  the  surface  of  the  tube  may  have  been  the  cause. 
It  is  desirable  to  await  eiperiments  with  the  fungus  before  attempt- 
ing to  discuss  these  points  further. 

There  are  other  phases  of  the  pzoblem  presented  by  Bexnasd, 
especially  the  loss  by  the  fungus  of  its  capadly  to  induce  germina- 
tion after  probnged  culture  in  the  laboratory.  It  is  entirely 
possible  that  there  has  been  no  loss  in  the  fungus,  but  that  at  the 
time  of  inoculating  the  culture  the  physiological  state  of  the  embryos 
was  such  as  to  resist  or  permit  of  infection.  Those  in  whicli  the 
infection  was  confined  to  the  lower  cell  could  still  germinate  despite 
the  fungus.  Those  invaded  to  a  greater  ea^tent  would  be  kiUed. 
These  and  other  experiments  of  Bernard  and  Busgetf  suggest 
that  one  of  the  causes  for  the  failure  of  germination  is  the  parasitic 
character  of  the  funijus.  In  other  words,  it  is  possible  that  the 
funpiiis.  instead  of  bein>:  an  aid  in  normal  germination,  is  a  factor 
in  the  death  of  the  embryos  and  consequently  in  the  failure  ol 
germination. 

In  conclusion,  it  may  be  stated  that  Uic  evidence  for  llie 
necessity  of  the  ^u^^u^  lor  germination  has  not  yet  been  conclusively 
proved.   The  e^•idence  is  conclusive  that  under  conditions  of  pure 
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culture  employed  by  both  Bernard  and  Burgeff  germination  of 
the  seeds  is  dependent  on  the  fungus.  There  is  still  conaiderable 
work  to  be  done,  however,  before  the  validity  of  the  fungus  hy- 
pothesis can  be  proved  or  disproved. 

Summary 

1.  A  method  is  given  for  sterilizing  seeds  of  certain  orchids 

and  for  growing  them  under  sterile  conditions. 

2.  Germination  of  seeds  of  Laelia.  Cattleya.  and  related  forms 
is  possible  without  the  aid  of  any  fungus  when  certain  sugars  are 
sui^lied. 

3.  Fructose  appears  more  fa\  orahlc  than  glucose. 

4.  In  the  presence  of  glucose,  chlorosis  of  the  embr>'0  generally 
results. 

5.  Germination  is  possible  on  certain  plant  extracts  containing 
merely  traces  of  sugar. 

6.  Lmljr)  os  in  sugar-contaimng  cultures  accumulate  a  consider- 
able reserve  of  starch. 

7.  The  concentration  of  glucose  is  important  in  the  growth  of 
tfaecmbiyo. 

8.  Bacittus  radickola  fiom  alfalfa  and  certam  other  microorgan- 
iams  on  certain  media  have  a  favorable  influence  on  the  devdop- 
meat  of  chlorophyll  and  germination. 

9.  Seedlings  have  been  transphuted  from  tubes  to  huge  flasks 
and  growth  has  continued. 

10.  The  results  thus  far  obtained  indicate  that  the  method  is 
off  vahie  in  the  propagation  of  orchids  from  seeds. 

11.  The  idea  is  advanced  that  the  necessity  of  fungus  infection 
for  germination  has  not  yet  been  proved. 

I  a.  One  cause  of  failure  of  germination  may  be  the  pathogenic 
character  of  some  of  the  endophytic  fungi. 

Mr.  T.  L.  Mead,  of  Oviedo,  Florida,  who  has  worked  for  many 
y^rs  on  the  practical  problems  of  germinating  orchid  seeds,  has 
supplied  all  the  seeds  used  in  these  experiments.  He  has  likewise 
supplied  certain  information  on  the  practical  difficulties  and  on 
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vaiious  xCMilts  obtained  by  htm.  For  all  of  these  fxvots  and  for 
ooostant  mtemt  I  wish  to  expn»  my  thanks. 
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YELLOW-WHITE  FINE  FORMATION  AT 
LITTLE  MANISTEE,  MICHIGAN 
LxRoY  H.  Haxvby 

(with  six  figures) 

In  a  previous  paper  the  writer'  presented  the  inadequacy  of 
aiTxent  phytogeograjihical  classilication  of  the  northern  half  of 
the  Southern  Peninsula  of  Michigan,  and  at  that  time  advanced 
a  scheme  consonant  with  observational  and  experimental  data. 
This  region  was  shown  to  lie  within  that  phytogeoji;raphical  area 
whose  climax  (eschatophytic)  forest  type  is  of  the  maple-beech  or 
mixetl  liar(iwo(Kl  fonnation.  It  was  shown  that  within  this  great 
transitional  area  there  were  at  lea>t  Us  v  <  iaphic  climax  formation- 
complexes,  the  yellow-white  pine  asiil  tlu  hlack  white  oak. 

This  paper  is  limited  to  a  consideration  of  certain  aspects  of  the 
"Big  Pine§"  formation  as  it  is  exhibited  at  Little  Manistee  in 
I.ake  County,  Michigan.  The  formation  is  now  limited  to  two 
isolated  stands  one  and  one^hall  miles  apart  in  the  valley  of  the 
Little  Manistee  River  which  traverses  each  stand,  the  foimation 
occupying  its  terraces  and  at  a  few  points  extending  up  on  to  the 
contiguous  glacial  highlands.  These  two  stands  are  but  the  rem- 
nants of  a  once  magnificent  forest  which  occupied  this  general  region. 
They  are  known  locally  as  the  Upper  Pines  and  Lower  Pines,  and 
contain  respectively  about  i6o  and  60  acres.  A  general  idea  of 
these  stands  may  be  obtained  from  figs.  t-4. 

During  the  preparation  of  this  paper  it  was  learned  that  the 
Upper  Pines  had  suffered  the  inexitable,  and  that  the  saw  and  ax 
were  rapidly  resolving  it  into  a  historical  fact.  In  light  of  this  it 
has  seemed  wise  to  present  rather  fully  all  data  available  as  a 
matter  of  record.  Through  the  personal  interest  and  activity  of 
Judge  Harry  I).  Jewell,  of  Grand  Rapids,  these  magnificent 
stands  of  pines  in  1914  were  temporarily  saved  from  complete 
deforestation,  the  logging  operations  actually  being  in  progress  at 

'H  vKVKY,  LkRuv  11.,  Some  phytogBOgra{ihica]  obMfVfttlDiM  la  Lake  County, 
Michigan.  Mich.  Xad,  Sci.  Kept.  3i3-»i7.  I9ig. 
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the  time  of  his  intervention.  Steps  were  taken  toward  the  forma- 
tion of  a  company  to  conserve  this  area,  and  the  owner,  E.  Gorden 
Filer,  agreed  to  contribute  a  substantial  part  of  the  value  of  the 
standing  timber.  The  State  Legislature  of  1915  sought  to 
encourage  the  preservation  of  such  tracts  of  timber,  and  passed  a 
bill  with  the  amendment  to  this  effect,  as  proposed  by  Judge 


Fig,  I. — Upper  Pines  from  west  at  etlge  of  glacial  upland:  shrubby-herbaceous 
a&Mx:iation  of  reforestation  occupies  foreground;  this  will  terminate  in  black- white 
oak  complex. 

Jewell.  Unfortunately  the  Governor,  through  the  mistaken 
a(lvice  of  one  of  the  State  Tax  Commissioners  who  did  not  under- 
stand the  merits  of  the  measure,  misconstrued  its  purpose,  and 
vetoed  the  bill.  It  was  hoped  that  this  tract  would  eventually  be 
made  a  part  of  the  Public  Domain.  Action  was  delayed,  however, 
anfl  Michigan's  archaic  and  prodigal  method  of  forest  taxation 
left  no  alternative.  The  Upper  Pines  are  gone;  a  crime  to  be  laid 
at  the  door  of  our  state  officials.  Nevertheless,  the  efforts  of  the.se 
public  spirited  men  cannot  be  commended  too  highly,  and  should 


28 


BOTAMCAL  GAZETTE 


(JANUARY 


serve  as  a  stimulus  for  other  eflforts  all  over  the  state  looking  toward 
the  preservation  in  Public  Domain  of  original  stands  of  forest 
types  and  plant  associations.  This  is  not  wholly  a  matter  of 
nature  sentiment,  but  one  of  scientific  necessity. 


Fig.  2.— Upper  Pines,  view  within  formation  which  here  occupies  a  high  terrace: 
dominant  form  of  herbaceous  byer  is  Ptrris  aquUina;  atmometcr  station  7. 

To  Judge  Jewell  I  ■wish  to  express  my  deep  appreciation  of 
his  hospitality  during  the  prosecution  of  my  field  work.  I  also 
wish  to  express  my  thanks  to  my  colleague,  Dr.  Willlvm 
McCracken,  who  assisted  me  throughout  in  taking  data. 
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Qimatic  ficton 

The  climatic  amditioiis  of  the  legioii  in  all  probability  are 
fairly  revealed  in  the  data  taken  at  Luther  (table  I),  less  than  ten 
miles  to  the  southeast,  at  a  United  States  Volunteer  Station.  It 
will  be  noted  that  the  maximum  range  in  temperature  for  the  four 
years  is  t$6^,  from  io6"  in  August  1918  to  —36**  in  Februaiy  1918. 
The  average  yearly  rainfaU  for  the  four  years  is  33.65  indies, 
ranging  from  28.29  inch^  ^  i9<7  to  39.08  in  1920.  The  last 
killing  frost  in  spring  was  on  June  23,  1920,  and  the  first  killing 


TABLE  I 

ClDIATIC  7ACTOK8  1917-1920* 


Jan- 

Feb. 

Mai. 

Apr. 

May 

June 

July 

Oct. 

Nov 

Dec 

Mean  maxiiniiin  tmpomture 

J4  1 

J6.4 

41  3 

56.1 

66.S 

77.5 

80.7 

78  6 

70.1 

$46 

43.7 

30.8 

\\c.\n  minimum  tcrapenture 

8  45 

7  7 

21  .0 

50.7 

40.7 

Jt.O 

S5.1 

S3  5 

46  .  2 

30  6 

28. g 

16.8 

45 

45 

68 

7» 

9* 

9> 

08 

100 

80 

80 

6s 

65 

-17 

-36 

-18 

II 

it 

34 

27 

18 

6 

-10 

MtMt  piedpiuticm  

1  .V 

1.07 

»-49 

2. 91 

3.35 

3.38 

3.68 

40 

J  06 

4  00 

»  44 

lUiilmMM  pNCtptatilMt. .  .  . 

I  07 

0.6s 

i.SO 

a  45 

a. 03 

a. 00 

1.36 

J  JJ 

J  09 

1. 17 

t.tS 

•TV  tcnpentaR  icconii  are  In  FabrealwH  and  the  pMdpiMiM  fai  iadn. 


frost  in  autumn  wa.s  on  Sei^tembcr  ii,  1917.  The  shortest  grow- 
ing period  was  87  days  in  191 7,  and  the  longest  106  days  in  1919- 
1920.  with  an  average  of  98  days.  While  means  and  averages 
convey  curtain  pertinent  facts,  it  is  the  e.xtrt-iiK  s  which  indicate  the 
critical  points  of  climatic  influence  on  vegetation. 

These  climatic  conditions  are  adequate  to  support  the  maple- 
beech  or  mixed  hardwood  formation  which  are  found  in  typical 
development  ^\^thin  the  region.  It  is  apparent,  therefore,  that  the 
yellow-white  pine  complex  is  the  expression  of  a  combination  of 
edaphic  factors  which  exclude  the  climax  type.  The  main  critical 
factor,  aside  from  the  question  of  post-glacial  invasion  and  pre- 
occupation, is  undoubtedly  the  wilting  coefficient  of  the  soiL 

Ecological  factors 

The  ecological  factors  investigated  included  soil  moisture, 
evaporation,  and  light  intensity.  Records  were  made  over  a  period 
of  twenty-dght  days,  August  3-31,  1918.  As  August-September 
practically  represents  the  minimum  of  fa\  orable  ecological  condi- 
tions for  the  growing  period,  the  factorial  values  of  either  month 


Fig.  3. — Lower  Pines,  northern  end  of  stand:  white  oak  in  left  foreground; 
reforestation  from  white  oak  grubs  and  in\asion  of  black  oak. 


Fig.  4. — Ix)wer  Pines:  fires  exclude*!  for  a  number  of  years,  and  there  is  a  well 
dcvelojied  shrubby  layer  in  which  species  of  Conius,  ['ihurnum,  AmcJ,inrhicr,  Craiargtis, 
and  Primus,  as  well  as  s:iplinKS  of  red  and  white  oak  are  common;  sce<llings  and 
saplings  of  white  and  yellow  common  in  open  places. 
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wUl  adequately  serve  to  indicate  the  critical  ecological  conditions. 
It  was  eaq^iected  that  some  light  would  be  thrown  by  such  data 
up>on  the  questions  of  the  relation  of  evaporation  to  succession  and 
upon  the  classical  conception  of  the  succcssional  development  of 
the  formations  of  a  region.  In  my  paf)er  already  referred  to, 
the  data  seemed  to  show  that  evaporation  had  no  causal  relation 
to  >;iic cession.  It  was  ar^^ned  that  the  mea>urements  of  tlie 
ecological  factors  of  any  association  are  more  largely  a  result  of 
that  stage  of  the  succession  rather  than  the  cause  of  it.  Specilically, 
the  evaporation  is  less  in  the  Big  Pines  formation  than  in  the  open 
herbaceous  association,  because  of  the  greater  protection  in  the 
former  from  factors  enhancing  v.atci  loas;  the  Hig  Pines  lonna- 
tion  is  the  cause  of  U)wered  e\a])oration  and  not  the  result  of  it. 
The  evaporation  conditions  of  any  pioneer  association  obWoush' 
represent  the  conditions  which  must  be  tolerated  by  the  invaders 
from  any  higher  ecological  type  of  association.  These  invadeis  help 
to  reduce  the  evaporation,  and  finally,  as  the  next  step  in  the  sue* 
cesaloii  is  established,  it  comes  to  possess  its  own  evaporation  ratio 
determined  by  its  own  canopy,  shrubby,  and  herbaceous  layers. 

Soil  water. — SoU  samples  were  taken  in  two  series  at  depths 
of  7.5  cm.  and  25  cm.  by  means  of  a  knife-blade  trowd,  and  placed 
at  once  in  friction  top  cans  of  350  cc.  capacity.  The  samples  were 
collected  on  August  4,  ir,  18,  and  25.  Analyses  of  the  samples 
were  completed  within  the  following  mcmth.  Themoisture-holding 
capacity  (MHC)  was  computed  upon  the  basis  of  dry  weight  as 
well  as  upon  the  basis  of  equal  volumes,  according  to  Hilgaxd's' 
method.  Each  detennination  represents  the  average  of  the  four 
samples  for  each  station  and  series.  The  total  field  capacity 
(TFC)  was  computed  directly  upon  tlie  basis  of  dr>'  weight. 
The  wilting  coefficient  (WC)  was  calculated  by  the  foimula  of 

B.IOGS  mm!  SiLiim>  wc-°°^*^''°'f°«"Pf^^-",  in 

2.90(^0.021  ) 

which  the  MHC  is  determined  by  \'olume  ])cr  cent.  It  is  recog- 
nized that  the  WC  data  tlius  comj)Uted  are  onl\  an  a])])roTimation. 
as  such  data  ])referably  should  lie  based  either  upon  experimental 

'  HitCARD,  E.  W.,  Soils.    .\ew  York.  1906. 

*  BsiCGs,  L.  J,,  and  Sbanxz,  H.  The  wflting  coefficicAt  for  different  plants  and 
fttindinct  dcCcfmlBftdoo.  U.S.  Dept  Aadc.,  Bur.  Plant  Ind.  Bull.  2jo;  Bot. 
Gas.  st:ss^*f9*  t^ii;  Sj:ao-37,  229-935.  1912. 
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determination  or  computed  from  the  moisture  equivalent  mechani- 
cally determined.  These  data  will  be  found  in  table  II.  For 
purpose  of  comparison  similar  data  from  the  jack  pine,  black-oak, 
and  the  Kalamazoo  maple-beech  associations  are  added. 

A  sturly  of  these  data  brings  out  certain  facts  which  are  quite  in 
agreeiiunt  with  field  observations.  The  ran^e  in  TFC  in  the 
Big  Pines  at  7.5  cm.  from  7.1  to  14.Q  per  cent,  with  ;i  corresj)onding 
range  in  \VH('  ((olunm  v  from  48.5  to  52.5  per  cent,  is  a  direct 
expression  of  thi-  effect  of  lires  on  the  humus  layer.  M  25  cm.  this 
effect  is  less  apparent  in  the  WHC,  but  the  absence  of  protection 
from  a  good  huiuus  layer  i&  shown  in  the  TFC  at  the  same  depth. 

TABLE  n 

Son.  wAxn  DnmoKAinms  vx  natCBHTAOss 


Stadaft  tad  MMcbtioa 


Upper  Pines.  

Upper  PiDc».  

Upper  Pines  

Jack  pine   .  . 

Black-white  oak. . .'. . . 
I  (KilaiiMnoo) 


TFC  by  DW 


7.5  cm.  7$  cm 


14.9 

Q  9 
71 
14.7 
6.4 


6.6 

5-3 
4  3 

6. 1 

4.7 


WHC  by  DW 


7  son 


44-4 

43-4 

36.3 
SO-9 
33- 1 
62.1 


iS  cm. 


WHC  by  volume 


7. son 


535 

52-3 
48. S 
60.4 

45  2 

63.  7 


»S  on. 


41.8 
43  4 
43  » 
427 
42.7 

45-7 


WCby 


.5  cm 


II .  3 
10.8 

9  S 
13.6 

8.4 

»4S 


2S  cm. 


7.1 

75 


The  soil  is  often  so  baked  that  it  is  grayish  and  ''dead"  to  a  depth 
of  4  or  5  cm.  These  oft  repeated  fires  must  have  had  snaiked 
influence  upon  growth  increment  of  the  fades,  as  well  as  largely 
deteimining  the  presence  or  absence  and  nature  of  the  shrubby, 
herbaceous,  and  ground  layers.  The  WC  (column  4)  exhibits  in 
another  way  the  same  regressive  influence  due  to  humus  destnic* 
tion,  producing  a  soil  condition  which  must  act  selectively  upon 
the  various  invading  propagules.  The  unifoim  WHC  and  WC  at 
a  5  cm .  in  the  Big  Pines,  as  well  as  in  the  jack  pines  and  oak  associa- 
tions,  are  very  significant  and  form  the  evidence  for  the  conclusion 
advanced  in  the  former  paper  that  the  soil  conditions  reveal  no 
differences  of  causal  magnitude,  and  are  thus  dearly  inadequate 
to  explain  present  forest  distribution,  or  to  give  any  indication  of 
a  causal  successional  factor. 
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Fig.  5  Is  an  attempt  to  exhibit  to  scale  the  soil-water  relaliona 
in  the  Big  Pines  lonnation  as  they  existed  in  August  1918.  That 
the  data  may  be  comparable  they  are  all  computed  on  the  basis  of 
dry  weic^t.  The  critical  factor  is  the  growth-water,  whose  theoreti- 
cal possible  maximum  would  be  the  difionence  between  the  WC 
and  the  WHC,  or  29  per  cent.  This  of  course  would  scarcely  ever 
be  realized  under  field  conditions.  Actually  the  growth-water  is 
the  difference  between  the  TFC  and  the  WC,  which  in  August 
TQiS  was  only  1.5  per  cent,  a  quantity  dangerously  near  the  zero 
point  oi  available  water. 

Evaporation'. — The  exaporation  chita  were  obtainetl  in  the 
usual  way,  Li\'ingston  standardized  8  cm.  atmometers  being  used. 
During  the  month  2S4  mm.  of  rain  fell  on  seven  days,  250  mm.  of 


FtG.  $.— Soy-wat«r  rdatioas  (shown  to  aoile):  data  on  bash  of  dty  ndii^t, 

this  falling  in  twenty  minutes.  Rain  correctmg  atmometers  were 
not  a  \  ail  able,  but  it  is  thought  that  the  use  of  these  would  not  have 
given  essentially  different  results.  For  five  of  the  stations  the 
records  were  taken  daih  ;  for  the  others  every  seven  days.  The 
250  cr.  reservoir  buttles  were  all  set  slightly  in  the  ground  and 
stabilized  with  12  inch  length  of  inch  mile  steel  to  which  they 
were  bound  by  two  bands  of  electric  tape.  Readings  were  made 
on  an  index  mark  on  the  neck  of  the  bottle,  and  loss  of  water  was 
supplied  from  a  50  cc.  burette.  Distilled  water  was  used  through- 
out. Stations  were  selected  to  represent  various  conditions  of 
cover  and  canopy.  The  results  are  tabulated  in  table  m. 

The  records  in  table  III  give  evaporation  rates  only  for  the 
low  herbaceous  layer,  and  the  average  daily  range  from  8.3  to 
t8.6cc.  (124  per  cent)  is  solely  an  expression  of  the  degree  of 
exposure,  varying  directly  with  the  amount  of  insolation  afforded 
by  the  herbaceous  and  shrubby  layer.  In  connection  with  the 
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record  of  station  iB  (z8.6  cc.)  and  of  station  i  (19.5  cc),  a  differ- 
ence of  only  0.9  cc.  (4.3  per  cent)  would  seem  to  indicate  that  the 
canopy  exercises  only  a  slight  eifect  in  reducing  ev:q>oration  from 
the  herbaceous  layer.  ''On  the  basis  of  these  results  it  would 
appear  entirely  unwarranted  to  assign  evaporation  as  a  causal 
factor  in  succession." 

Light. — The  liirhi  determinations  were  made  with  a  Waynne's 
Infalh'blc  Meter,  as  this  was  the  only  device  available.  .\1I  read- 
ings seek  to  represent  the  maximum  -^luulc  coiniilions  due  to  the 
canopy;  all  part  shadows  due  to  the  trunks  were  avoided.  The 


TABLE  in 

AvnAGB  DiOLY  BVilKdtAXIOll  DT  OC.,  AVGVST  4-31,  19x8 


BicPfaMtDC.) 

iB.  

Lower  Pines,  B. 

Lower  Pines,  C. 
Lower  Pines  Terrace 
Upper  Pines,  W.  C. 
Upper  Pines,  S. 
Upper  Pines,  R  T. 
Upper  Pines,  E.  C. 
Jack  piiie 
Black-white  oak 
Qpcn^sUndjud 

I 
I 
2 
a 

1 

-» 

2 
3 
I 
1 

18  6 

10.4 

»J  5 

8.7 
14  7 
10.8 

12  7 

IQ.5 
31.0 

iC  

6  

7  

S  

9  

IS.  79 

$  

3  

meter  was  placed  upon  the  ground  and  the  stopwatch  hdd  behind 
the  back;  both  were  released  simultaneously.  When  the  sdio 
paper  merged  inipercqptibly  into  the  darker  standard,  the  watch 
was  stopped  and  the  reading  recorded.  The  results  represent  the 
averages  of  eight  or  ten  readings  (table  IV).  All  light  data  are 
referred  to  fiill  sunlight,  which  for  convenience  of  comparison  are 
reduced  to  the  standard  one,  and  all  habitat  records  are  correspond* 
ing]ly  reduced  to  the  same  standard  and  expressed  in  the  fonn  of 
a  ratio.  Thus  in  station  i  the  canopy  reduces  the  sunlight  to 
one-fifteenth  its  full  intensity. 

The  range  in  the  hght  ratios  is  largely  a  question  of  density  of 
stand  and  so  density  of  canopy.  It  is  interesting  to  note  that  the 
yellow  pine  canopy  with  the  same  density  of  individuals  produces 
a  light  screen  of  only  about  one-half  the  value  of  that  of  the  white 
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pJne  canopy.  It  mnild  be  of  mteiest  to  know  whether  these 
shade  differences  are  conelated  with  ffoiistic  or  vegetational  dif- 
ferences. This  problem  unfortunately  escaped  attention  hi  the 
field. 

Growth  forms 

Since  the  appearance  of  Raunxiaer's  work  in  1916,  ecologists 
have  viewed  the  influence  of  temperature  factors  from  a  radically 
new  viewpomt.  He  points  out  that  climatic  conditions  are  reflected 
essentiaEy  in  the  biolog:ical  nature  of  the  vegetation,  that  is,  in 
the  nature  and  extent  of  the  protection  possessed  by  the  peiennat- 
ing  growth  points  during  the  winter  or  critical  season.  Upon  the 
basis  of  this  generalization  he  classifies  vegetation  into  a  series  of 


TABLE  IV  • 
Iiimrr  msMMsmtxBoistB^  Bio  Pons  wsMAnoM 


Katfo 

iB  

Lower  Pines 
Lower  Pines 
Upper  I'incs 
White  pine  canopy 
Ydlowpbie  canopy 

1:15 
1:12 

1:57 
1:50 

tA  

7  

7  

7  

lile  (or  growth)  fomis.  The  fallowing  characten>.ation  of  life 
forms  and  the  abbreviations  used  are  added  for  cou\eniencc  of 
reference.* 

Pkaturopkytcs. — Woody  plants  of  all  types,  both  evergreen  and 
deciduous,  and  exhibithig  the  least  amount  of  piotectkm  from  the 
coldy  as  showing  the  greatest  amount  of  exposure.  The  group  may 
be  divided  into  Megaphanerophytcs  (MG),  trees  over  30  m.; 
il«f0^Aaiief(?^Ayto  (MS),  trees  8r-3om.;  Mkrophanerop/tyles  (MC), 
shrubs  or  trees  2^  m.;  NamphanerepkyUs  (N),  shrubs  under  2  m. 

Ckamaepkytes  (CH).— Perennial  by  vurtue  of  the  fact  that  the 
buds  are  just  above  the  ground,  or  on  the  surface,  and  are  thus 
often  protected  by  the  snow  bhmket. 

HemkryptophfUs  (H).--With  donnant  buds  m  the  upper  crust 
of  the  soil,  the  top  of  the  plant  dying  down  in  winter. 

4  TAnoB,  N.,  Tin  grawUi  foms  of  tke  Hon  of  New  Yorii  mod  vidnity.  .\mer. 
Jour.  Bot.  »:fl3-3t.  1915. 
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Geopkytes  (G). — Perenm&I  by  bulbs,  rhizomes,  tubefs,  or  by 
root  buds. 

BdophyUs  and  Hydropkyks  (HH)*— Tbe  foimer  bas  buds  at 
the  bottom  of  the  water.  Hydroph3rtes  have  perennating  rhixomes 
or  winter  buds  and  are  truly  aquatic. 

Theropkytts  (T).— Annuals. 

On  the  basis  of  400  species  carefully  selected  from  1000  lepiesen* 
tative  species,  Raunkiaer  piqmied  what  he  calls  a  "nonnal 
spectrum/'  which  shows  the  percentage  distribution  ol  these  400 
species  into  the  several  life  forms.  This  is  now  accepted  as  a 
basis  of  comparison. 

The  areas  contiguous  to  the  Big  Pines  have  long  been  cleared, 
and  are  now  covered  with  either  grassy  or  shrubby  plains  or  second 
growth  oak  associations.  Considerable  invasion  has  naturally 
occurred  from  these  surrounding  regions.  .Mso  repeated  ground 
hres  have  run  their  course  through  both  stands,  although  a  part  of 
the  Lower  Pines  has  i)een  spared  for  several  years.  The  north 
exposure  of  the  immediate  river  banks  furnishes  many  interesting 
isolated  colonies  of  ghicial  relicts,  but  these,  as  well  as  the  eN  ident 
invasions,  have  been  eliminated  iji  tile  summary  of  species.  An 
attempt  has  been  made  to  include  only  those  s]K*cics  which  are 
evidently  the  natural  components  of  the  fonnation.  (Jbviuusly 
this  introduces  the  unchecked  personal  factor,  ami  doubtless  some 
errors  of  judgment  have  been  made,  but  it  is  hoped  not  enough  to 
essentially  modify  the  results.  As  the  study  was  mad^  in  August, 
doubtless  some  spring  forms  may  also  have  been  missed.  On  the 
basB  of  four  separate  lists,  however,  100  spedes  have  been  included 
(table  V).  In  table  VI  the  ecological  spectrum  of  these  100 
spedes  is  recorded.  Raunkiabr's  normal  spectrum  and  Taylor's 
(see  footnote  4)  spectrum  of  the  northern  elements  of  the  flora 
within  100  miles  of  New  York  City  are  added  for  comparison.  It 
should  be  noted  further  that  only  twenty-seven  spedes  have  not 
been  recorded  outside  of  the  Big  Pines  formation  (table  V).  It  is 
highly  probable  that  careful  search  would  further  reduce  this 
number. 

A  survey  of  the  ecological  spectrum  of  the  Rig  Pines  indicates 
that  the  mesophanerophytes  determine  the  facies  of  the  formation. 
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TABLE  V 


Speciks  of  the  Big  Pines  formatton 


MS 

MC 

N 

CH 

H 

G 

T 

Peculiar 
to  fom 

PtWTS  Aniiilimt* 

X 

Pinus  resinosa 

X 

Piniu  Strobu-; 

\i?n>DVTon  tenerum  ..... 

;  xxxxxxxxxxxxxxx 

Bromus  ciliatus  .....  .... 

Bmniu  ic«li»>«t  ......... 

OatafMftMMtlt  nimlnnih 

V 

nanthonia  snicatA 

L)t*^h;imD&iA  flczuosa 

Koelcria  ciistAtA     *  * 

Vf*lir«  m<ttimtm 

Or\'zoD&i5  Dunirens 

Panicum  latifolium 

Poa  triflora 

V 

Mainnf  hnniini  ranaHmii^ 

PolvflronAtim  mWituiii ..... 

SmiLicina  racemosa. 

Smilax  hispida 

V 

X 
X 
X 

(JvDrinediiim  himitmn 

V 

X 

Knikftctis  DulmccnB 

Salix  humuis 

V 
V 

\fv'rira  asnltnifoliA 

Oii(»rrii<, 

X 

V 

Oiiirriis  nihm 

\rtaea  alba 

X 

V 

\auilcffia  canulensis 

Henatica  trilohA. 

V 

V 

Vrahii  brarhvcAHift 

V 

✓  > 

Ribes  CviKMDati 

X 

••••••• 

ffnmamelis  vinriniana 

:  xxxxxxx: 

AvM^l^nrhiN  ranaflf^nsis 

.AndancKler  oblonirifolia 

\mclanchier  '^pic&tA»  •«•••• 

X 

Cratannis  no  i  .......... 

CrataoM  DA.     . .      .  .. 

Ciatacns  no  x  ......... 

Fnmn  vinriniAiift  

V 

X 

X 

X 

X 

:  xxxx: 

Rttbas  triikmu  

X 

X 
X 
X 

X 

X 

Acer  rubrum  

X 

1 

^^^^^l^e  nommriitoM^Md  tcgneace ^^tte  ^cwmlh^^dition  oi  Gbay's  M»mmal  hftve  bcca  ioUowcd. 
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TABLE 


Acer  saccharum . 
Ceanothns  < 
Viola  I 

Viola  pabescem  

\'iola  soabriuscula  

Aralia  nudicaulis  

Suricula  gregaria  

Comus  drcmata,  

Coram  panlcolata  

Arctostaphylo*  Uva-ursi. . 

Chimaphila  umbdiata  

Epigaea  repens   

Ganltheria  procumbens  

GtyhuMdR  baccAta  

Pyrola  americana  

^rola  sccuncla  ^  

Vaccinium  pcnnsylvaiucom. 

Trientalis  americana  

Aadepias  purmnaacem  

Monanla  moUtS   

Prunella  vulgaris  .  . . . 

Satureja  \-ulL',iris   

Melampyrum  lincarc  

Pedtcuhra  caMdciwh.  

Galium  pilosum  

Milchclla  rept-ns  

Diers-illa  Loniccra   

Lonicera  canadcnHtt  

Loniccra  ghnoeMens  

Sambucus  ncemosa  

Triosteum  aurantiacum. . . . 

Viburnum  acerifolium  

Viburaum  pubescens  

^^^f^r*""^  ratundifolia. . . . 

Antennaria  neodfaica  

Antennaria  PaiUldi  

Antinnaria  plantagiiiifolia. . 

.\slcT  lacvi^i   

Aster  LindlcN  anus   

Aster  maaophvUus  

Helbndius  molUi  

Flicnicium  canadensc  

Ilieracium  lonjripilum  

ffieiacium  vcnosum  

Picnanthes  trifdiolata  

SoUdago  caesia  

SoUdAgo  hispida  

SoUdajTo  nisosa  

Solidago  serodna  


Total:  tooapcdes. 


MS 


MC 


X 
X 


II 


N 


X 


X 
X 
X 
X 


X 
X 


l8 


CH 


X 
X 

X 


X 
X 
X 


X 
X 
X 
X 


1 1 


H 


X 


X 
X 


X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


24 


X 
X 
X 
X 


X 

X 


PeculMr 

tof 


X 
X 
X 


X 
X 
X 
X 
X 
X 
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It  has  been  noted  that  the  influence  of  oft  repeated  fires  regulates 
the  '^presence  or  absence  and  nature  of  the  shrubby  and  herbace- 
ous layers."  The  large  percentage  of  hemicr>ptophytes  and 
geophytes  in  a  forest  formation  are  thougiit  to  be  in  large  part  an 
ei^ression  ol  this  influence. 

ValencM 

The  biological  spectrum  furnishes  one  of  the  essentials  in  the 
ecological  characterization  of  a  formation.  The  method  of  valences 
also  offezs  an  objective  means  of  presenting  an  equally  important 
picture,  that  of  the  numerical  abundance  of  the  various  floristic 
elements  of  the  fonnation.  It  is  the  frequency  percentage  of  the 

TABL£  VI 


FUCBKTMiBS  Ot  OKOWm  lOUIS  IN  BtOLOOICAl  SnCIKA 


^Cjfpt  ^  fpowtfi  inn 

MG 

MS 

MC 

N 

CH 

H 

G 

HH 

T 

Big  Pines  

o 

7 

ti 

t8 

II 

24 

27 

0 

a 

Nomalnectntm. 

7 

17 

TO 

9 

27 

3 

I 

J3 

NcvYodCity... 

1. 31 

3-94 

8. 55 

8.55 

26.31 

2434 

23 

3-94 

various  elements  vhich  determines  the  aqpect  of  the  formation  or 
its  physiognomic  character. 

Various  methods  have  been  employed  since  the  introduction 
of  the  quadrat  method  in  such  statistical  investigation.  The 
method  used  in  this  study  in  an  adaptation  of  that  used  by 
Ratjmziaer.'  As  only  the  fades  was  considered,  it  was  possible 
to  devise  a  rapid  method  of  record.  A  rope  5  m.  long  hdd  in  the 
hand  of  an  assistant  formed  the  radius  of  a  circle  whose  species 
were  recorded  as  the  investigator  moved  the  radius  through  360**.  « 
The  center  of  the  next  area  was  obtained  by  swinging  the  radius 
through  180°,  and  with  this  as  a  fixed  point  the  assistant  then  took 
his  stand  5  m.  farther  on  in  the  same  axis.  Thus  areas  are  tangent 
to  each  other.  In  this  way  a  transect  of  200  m.  was  run.  The 
valence  records  are  thus  based  upon  twenty  such  areas  (table  VII). 

5  For  accounts  of  R  vfVKixrp's  work  so**:  Smith,  W.  C,  R  a  l^^K[AER'8  life  forms, 
and  statistical  methods.  Jour.  Ecol.  i :  16-26.  and  Fuu^,  C.  D.^  and  Bauoc, 
A.  L.,  RAOxnzAu's  "life  fbtns,"  '*lnf  chww/*  and  atatistiad  nathoda.  Plant 
Wodd  atias-37.  191S. 
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The  valence  table  shows  that  the  yellow  pine  is  slightly  the 
dominant  species  in  the  Upper  Pine^  In  the  Lower  Pines  the 
reverse  is  true.  It  will  be  noted  that  this  is  due  to  the  grouping 
of  indi\  iduals  of  a  species  in  certain  parts  of  the  stand,  as  is  shown 
by  transects  IV  and  V.  Similar  proupin^r  of  the  white  pine  is 
shown  in  transects  I  and  II,  while  transect  III  shows  an  almost 
equal  abundance  of  the  two  dominanl  species.  These  facts  of 
abundance  are  not  correlated  with  any  soil  (lillercnces  as  far  as 
could  be  determined.    It  probably  represents  the  influence  of 


TABLE  Vn 

Vaumcb  or  rAcm  or  raiQinaict  FxacmtAffiB,  UnsK  Finbb 


Tra-Nmct  no. 

Speciks 

TOT4I, 

lUno 

I 

n 

m 

IV 

V 

25 

>  - 

-  / 

50 

72 

54 

338 

100 

45 

40 

S3 

26 

37 

-MO 

6 

15 

4 

5 

4 

34 

»S 

Red  oak  

O 

t 

e 

0 

0 

I 

0.4 

O 

o 

T 

0 

I 

s 

0.8 

Tfttel  

7« 

9« 

108 

96 

465 

peisutient  seed  trees  of  the  oiigmal  stand  which  predomiiuuitly 
dctefmined  the  aatuie  of  the  succession  within  their  respective 
areas. 

The  red  and  white  oaks  are  rather  constant  members  of  the 
fonnatioii,  the  white  oak  always  predominating.  Whfle  they  do 
not  influence  the  physiognomy  of  the  fades,  yet  in  case  of  cutting 
or  burning,  the  white  oak  is  the  persistent  species  and  largely 
determines  the  nature  of  the  reforestation,  giving  rise  to  the  oak  or 
mixed  oak  formation  i  i  -vhich  the  red  oak  fails  to  reappear,  being 
replaced  by  the  black  oak  and  in  some  cases  by  the  additional 
invasion  of  the  jack  pine,  neither  of  which,  so  far  as  observed,  is 
ever  found  in  the  Big  Pines  formation.  The  red  maple  represents 
sporadic  invasion  from  the  not  far  distant  margin  or  floodplain  of 
the  Little  Manist(  c  River.  It  was  not  recorded  from  the  upland 
portions  of  the  fonnation. 
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A|e  diltiibtttioii  of  liefes 

The  ecological  spectzum  (table  VI)  and  valences  (table  VII) 
convey  a  veiydefimte  concept  of  the  Big  Fines  foimation.  Never- 
theless the  picture  is  incomplete.  It  is  to  supply  this  deficient 
in  the  visualization  of  the  formation  that  the  following  method  of 
analysis  has  been  devised.  It  is  essential  that  the  age  of  the  fades 
and  the  relative  abundance  of  the  individuals  of  each  age  be  known, 
for  therein  is  recorded  not  only  the  present  status,  but  much  of  the 

TABLE  vm 


Abb  ooDtDvtioN  or  fACtss,  Uvpex  Pines,  stations  6  and  7 


CbcnraferenoQ  dMNt 
iaiockM 

lO-IJ 

0 

in 

I 

0 

1 

0 

T 

■jr 

0 

X 

r 

0 

Pfams  resinosa  

4 

2 

6 
7 

7 
8 

3 

5 
8 

3 

8 
3 

6 
6 
1 

II 

6 

6 
6 
2 
2 

6 

7 
I 

Pfnus  Strobus.  
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past  history,  as  well  as  the  future  ecological  tendencies  of  the 
fofmatiQiL 

The  data  were  obtained  by  running  transects  through  several 
portioiis  of  the  foonatidn,  measuring  the  circumference  (BH)  of 
the  trees  as  met  Numerous  cores  were  taken  with  an  increment 
borer  m  order  to  establish  an  increment  factor  which  could  be  used 
to  convert  the  drcmnferences  into  age  equivalents.  This,  however, 
gave  no  ratio  entirely  satisfactory  for  aU  sizes,  probably  due  to  too 
few  samplings.  It  is  believed,  however,  that  the  ciramiference  data 
reveal  the  relative  age  distribution,  although  actual  age  determina- 
tions are  greatly  to  be  preferred.  Several  transects  ga^'e  essen- 
tially identical  results.  The  record  of  one  of  these  transects,  run 
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in  a  portion  of  the  formation  where  the  shnibby  layer  was  entirdy 
lacking,  is  shown  in  table  Yll\. 

Fig.  6  reveals  the  facts  in  an  even  more  striking  way.  Before 
considering  this  graph  of  the  age  distribution,  it  shoiikl  be  stated 
that  the  live  inch  circumference  classes  are  arbitrariJ},-  chosen. 
Each  class  represents  approximately  fifteen  years.  If  actual  age 
detenninations  were  at  hand,  it  would  be  desirable  to  use  a  one 
year  class,  thus  more  exactly  recording  the  facts.   It  is  thus 


Fto.  6.«— Age  dbtfOmtioii  of  fuiea,  Upper  Fiiies«  •tttiom  6  and  7. 

realized  that  the  conclusions  drawn  from  the  graph  are  perhaps 
more  valuable  as  a  sugge>tion  of  a  valid  method  of  analysis  than 
as  a  scientific  representation  of  the  actual  conditions.    It  will 

be  noted  that  the  ratios  of  the  three  principal  species  of  the 
facies  (table  V  lil)  are  in  almost  perfect  agreement  with  the  ratios 
of  frequency  percentages  as  shown  in  tal)h'  VII.  It  would  appear 
that  the  transect  analyzed  is  fairly  representative  01  the  formation. 

Fig.  6  <hows  that  the  great  mass  of  the  individuals  of  the  vellow 
pine  lie  bctwrru  cirtumterenccs  i)f  jo  to  55  iiu  lu-s,  whicli  rt.  j)rcsent:5 
an  appru.viniate  age  range  of  30-1 75  years.    1  here  are  a  few  isolated 
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individuals  whose  dicumferences  (75-85  indies)  indicate  an  age 
range  of  240-275  years.  The  graph  shows  thiee  fairly  well  marked 
modal  points  which  are  thought  to  represent  periods  of  more 
abundant  seeding  or  ecesis.  With  actual  age  data  these  periods 
could  be  accurately  indicated  as  to  years. 

The  white  pine  shows  essentially  the  same  range  in  age, 
^o-  iQo  years,  with  two  modal  points  less  clearly  established. 
Taking  both  stands  into  consideration,  there  are  a  few  isolated 
ancient  trees  of  white  pine  not  included  in  the  transect,  whose 
circumterenccs  measure  100,  115,  134,  and  146  inches,  and  whose 
ages  range  from  350  to  450  years. 

The  total  absence  of  seedling  and  sapling  pines  in  this  transect 
is  probably  due  to  the  influence  of  shade  and  Tires,  for  in  certain 
open  stations  protected  froin  nres  for  a  period  of  years  germina- 
tion of  both  species  appears  to  be  common  and  reforestation  is  in 
process. 

Consideration  has  already  been  given  to  the  white  oak,  red 
oak,  and  red  maple  in  a  previous  section. 

On  the  basis  iA  the  preceding  data  one  may  venture  to  recon- 
struct somewhat  the  history  of  the  formation.  The  original  stand 
of  the  Big  Pines  would  appear  to  extend  back  some  400  or  450  or 
more  years,  and  doubtless  the  foimatioii  had  then  been  self- 
perpetuating  for  centuries.  The  break  in  age  between  these 
persisting  patriarchs  and  the  present  stand,  whose  mass  falls  under 
200  years  of  age,  is  very  strikmg,  although  it  is  bridged  somewhat 
by  a  broken  series  of  isolated  trees.  What  Is  the  explanatioa  of 
this  break  in  history?  The  date  of  the  original  logging  of  this 
region  would  not  appear  to  account  for  this  hiatus.  It  would 
rather  seem  that  there  had  been  an  almost  entire  destruction  of 
this  formation  some  200  years  ago,  possibly  through  fire  of  light  ning 
origin,  which  then  became  reestablished  through  a  few  isolated 
individuals  of  various  ages  escaping  the  devastation.  The  well 
distributed  range  of  ages  down  to  30  years  would  apparently 
indicate  that  the  formation  has  been  and  is  under  natural  condi- 
tions permanently  self-perpetuating.  It  represents  an  ecological 
climax  (escbatophytic)  formation. 

WisxnN  Slim  NcniUL  Coucok 

KilLAIIAlOO,  IIks. 
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FORMUL.\S  FOR  C.\LCULATIXG  Xl\MHKR  OF  FRUITS 
REQUIRED  FOR  ADEQUATE  SAMPLE 
FOR  ANALYSIS' 

P.  E.  Dbnmy 

When  taking  samples  of  vaxiable  fruits,  as  oranges  for  example, 
it  is  in^x)rtant  to  obtain  an  approdmatioa  of  the  number  of  fruits 
that  should  be  induded  in  the  sample,  in  order  tiiat  the  results  of 
the  analyses  shall  be  sufficiently  accurate  for  the  purpose  of  the 
investigatioin.  It  is  the  object  ol  this  paper  to  give  fonnulas  which 
may  be  used  in  such  cases;  to  iUustrate  their  use  by  numerical 
examples;  to  indicate  the  reliability  that  may  be  placed  upon  them; 
and  to  show  the  results  that  were  obtained  in  applying  them  to 
tile  analysis  <ji  citrus  truits. 

The  first  step  consisted  in  obtaining  a  measure  of  the  variability 
of  the  f  rui  t  in  question.  In  t^e  case  of  dims,  this  was  accomplished 
by  analyzing  individual  fruits,  since  one  fruit  was  found  to  yield 
enough  material  for  the  analytical  work  performed.  It  smaller 
fruits,  such  as  plums,  were  used,  it  would  be  necessary'  to  increase 
the  sample  to  half  a  dozen,  or  a  dozen,  or  some  other  number  that 
would  make  a  convenient  sample  with  which  to  work,  hut  the  results 
oi  the  analysis  of  each  of  the  chosen  units  should  be  tabulated 
separately.  From  these  data  the  probable  error  of  a  single  sample 
was  found,  and  this  value  formed  the  starting  point  for  the  calcula- 
tions made  in  formulas  described  in  later  paragrapiis. 

VailaUlilj  in  cempoiitioiL  of  individual  ofanges  In 

ainglo  tamide 

Fifty-one  oranges  were  taken  at  ramiojn  from  a  single  tree. 
These  fruits  were  all  of  good  marketable  (lualitw  and  were  appar- 
ently free  from  diseases,  insect  injuries,  and  bruises.  They  were 
unifonn  in  color,  but  of  course  variable  in  size.  The  fruits  were 
analyzed  individually  and  the  results  for  each  fruit  tabulated 

'  Published  by  permi&stoo  of  the  SecreUuy  of  Agriculture. 
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separately,  as  given  in  table  I.  At  the  bottom  of  the  table  will  be 
found  the  values  for  the  probable  error  of  the  mean  and  the  probable 
error  of  a  single  observation.  These  were  calculated  from  the 

j  sd* 

following  formulas:  P.£.  mean- ^ 0.6745x1 -p- — r;  P.£.  sing. 
I — 'n^n^^i^ 

0.6745-^ ^^^^11^  ;  where  "n  "  is  the  number  of  variates  (iii  this 

TABLE  I 

Composition  or  fifty-one  oranges,  WAflHOiOTON  Navkl  vauxiy 
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=*.o.s 

*o  4 

^0.09 

=^13 

case  lilly-one),  and  2d'  is  the  suni  ol  the  squares  of  the  deviations 
of  each  measurement  from  the  mean.  For  example,  in  the  column 
under  brix.  table  I.  "d'*  is  the  deviation  of  12.80  from  14.00.  etc. 

7  he  j)rubablc  error  of  a  sinixle  >ampk"  and  the  j)robable  error  of 
the  mean  are  comiected  in  the  tullowing  manner:  P.E.  mean  = 
P  E  sinz. 

'  — ^ ,  so  that  after  a  value  for  P.£.  sing,  has  been  found,  the 
I  n 
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value  of  P.E.  mean  for  any  desired  number  of  fruits  may  be  calcu- 
lated by  substituting  this  number  for  ''n"  in  the  formula.  Thus 
if  P.£.  sing,  has  been  found  to  be  0.5,  P.£.  mean  for  a  sample  of 

twentyofive  fruits  is  -^^•o.i. 

The  values  in  table  II.  giving  the  odds,  may  be  utilized  undt  r 
the  two  following  conditions.  In  the  fir^t  place,  it  may  be  used 
in  connection  with  the  analytical  results  obtained  from  a  single  lot 
of  fruit  to  estimate  the  degree  of  iLssurance  that  an  accuracy 
between  certain  limits  has  been  attained.  For  example,  the  aN  erage 
sugar  content  (in  table  I)  was  i  o.Sy.  li  a  second  sample  ol  lifty-one 
fruits  had  been  taken  at  the  same  time  and  under  the  same  condi- 
tions, we  would  probably  not  ha\  e  obtained  exactly  this  value. 

T.\BLE  !!• 
Table  of  odds 


Cotflkltoc 

Odds        r  0 

1 .00  to  I 

3-4 

3.31  to  I 

3-6 

4,64  to  1 

3.8 

*.s  

9.89  to  I  ' 

40 

8.8  

IS  OS  to  I 

4.2 

3-0  

22.  26  to  I 

4-4 

^•3a  «  «  «  ■  m  »  »  M  » 

31.36  to  S  1 

♦.* 

Oddt 


44.87  to  I 
64. 79  to  t 
95.15  to  I 
143. 26  to  I 

3IS.Q2  to  I 

333.33  to  I 
519.83  to  t 


•  The  vBhwt  in  Mt  uble  w«re  selected  froin  a  ubk  bar  Psau.  and  Uobul 
(«).  Origi«Ma(tid«$liowUb»«»iiiMlMd(dt>coBip|etBlht9f  mi^ 

But  the  P.E.  mean,  ^0.06,  indicates  that  the  chances  are  e\'en 
(i  to  i)  that  the  vahie  found  would  have  been  between  10.95 
10.83.  In  addition  to  this  information,  table  II  shows  that  the 
chances  are  9.89  to  i  that  the  value  would  have  been  between  10.89 
plus  (3.5X0.06)  and  10.89  ininus  (2.5X0.06),  that  is,  between 
11.04  and  10.74. 

Considering  the  probable  error  of  a  single  sample  in  connection 
with  table  II,  the  P.E.  sing,  was  founr]  t  •  >  be  0.4.  This  means  that 
if  one  more  fruit  had  been  taken,  the  chances  are  even  that  its 
value  would  have  been  between  10.89-1-0,4,  and  io.89-'0.4.  In 
other  words,  half  the  fruits  in  talile  I  should  ha\'c  sugar  values 
between  11.29  iO-49>  h*lf  should  be  t)ut>ide  these  limits. 
Table  I  shows  that  twenty-four  oranges  are  within  these  limits  and 
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twenty-seven  outside.  Table  n  indicates  further  that  the  chances 

are  4.64  to  i  that  no  single  sample  would  deviate  from  10.89  by  as 

much  or  more  than  2.0  times  0.4:  that  is,  of  the  hft)r-one  fruits  in 

table  I,  about  nine  should  be  outside  the  limits  11.69  to  10.09,  and 

forty-two  should  be  within  them.   A  count  shows  that  in  this  case 

five  are  outside  and  forty-six  within. 

In  the  second  place,  table  II  may  be  applied  in  an  entirely 

different  case,  namely,  when  comparing  the  analytical  results  from 

two  different  lots  of  fruit  in  order  to  estimate  the  degree  of  assurance 

that  the  difference  sho\m  between  them  is  signilicant.  For 

example,  in  table  VTI  it  is  shown  that  the  refractive  index  of  the 

juice  of  the  Eureka  strain  ol  lemons  was  44.6=*=  0.2.  while  that  of  the 

Shade  Tree  strain  was  45,7^  0.3.    The  difference  is  1 .  i .    What  are 

the  chances  that  this  difference  is  sipiiticant  and  not  due  merely 

to  a  sampling  error  ?   This  calculation  is  made  from  the  following 

.       ,  difference  r.i  i.i 

Kixmula:  \.  -  =  — ,    ,     ,   =  =  — 7  =«  3.0.  The 

P.K.  01  difference     i  (0.3)'  + (0.3)'  0.36 

figure  3.0  is  here  termed  the  coefficient  of  o'ids.  and  its  value  is 
sought  in  column  i  in  table  TI,  from  which  it  ajjpcars  that  the  odds 
are  about  22  to  i  (  judging  from  these  data,  at  least)  that  the  juice 
of  lemons  from  the  Shade  Tree  strain  is  higher  witli  respect  to 
refractive  index.  Table  II  applies  only  in  those  cases  in  which  the 
diiicrcncc  bct\yccn  two  results  may  be  expected  to  occur  in  either 
direction.  For  a  table  showing  odds  when  it  is  known  that  the 
difference  between  two  results  wiU  be  in  one  direction  only,  see 
Wood  (ii,  p.  26). 

Formulas  for  celCTiliiting  number  of  fruits  for  sample 

Two  general  sets  of  conditians  may  be  recognized  under  which 
samiiies  are  collected  for  analyBis:  (i)  When  samples  are  taJcen 
from  each  of  two  or  more  different  lots  of  fruit,  with  the  object  of 

later  comparing  themi  to  determine  whether  the  differences  between 
them  are  signifiicant,  and  what  the  odds  are  that  this  is  so. 
(2)  When  a  sample  is  taken  from  a  smgle  lot  of  fruit  ior  the  pur- 
pose of  obtaining  a  figure  that  wiU  represent  the  composition  ol 
that  lot,  and  to  attain  a  certain  assurance  that  this  figure  is  cor* 
xect  within  certain  desired  limits. 
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Haykes  and  Jin)D  (3)  have  studied  the  requiremeiits  under  the 
first  condition.  They  proposed  the  following  formula  for  use  in 
calculating  the  niunber  of  individuals  to  include  in  a  sample  in 
order  that  a  certain  difference  between  two  averages  may  be 

considered  significant:   N  =  2^-j^^  .    X  is  the  "number  of 

samples  which  must  be  taken  in  order  that  there  may  be  a  proba- 
bility of  O.Q57'  that  a  5  per  cent  difference  is  significant";  ^  is  the 
coefficient  in  the  "table  of  odds"  (table  11),  and  thus  is  equivalent 
to  odds  of  22  to  i;  *'p"  is  the  probable  error  of  a  single  sample  and 
must  be  tietermined  ejq^erimentally  (in  this  case  by  analyzing 
individual  fruitsV 

Otht  r  \  alue>  than  3  and  5  may  be  assumed  to  meet  the  condi- 
tions of  the  experiment,  therefore,  in  order  to  make  comparisons 
with  what  is  to  follow,  it  is  desiri'd  to  c  x])re>>  the  preceding  fonuula 

,^           ,„        ^,     /coefticient  ot  oddsXP.E.  sing.\« 
m  general  tenns  as  follows:  N  -  2I  — ^  I 

{formula  i).  To  illustrate  the  u^e  of  tills  fomiula,  data  may  be 
taken  from  Hayxes  and  Jroo's  paper.  Working  with  apples, 
they  found  the  mean  titration  \'alue  to  be  10.20  with  a  P.E.  sing, 
of  0.78.  and  the  latter  is  thu-  7  ,  per  cent  of  the  mean.  To  grt  an 
assurance  of  30  to  i  that  a  5  per  cent  difference  is  sigmficant: 

j  •49  apples. 

The  problem  under  the  second  condition  may  now  be  constdeied. 
We  wish  a  general  formula  that  will  connect  the  number  in  the 
sample  with  the  probable  error  of  a  single  fruit  and  with  the 
coefficients  in  the  table  of  odds  **  (table  n).  Li  table  I  it  was  shown 
that  the  mean  sugar  c<mtent  was  1089. 3^0.06.  What  are  the 
chances  that  the  *'true"  value  is  within  the  limits  *o,i7?  The 

chance*  are  found  in  the  following  wav  (^fEKSIlL^^  5) :      ^  =  2.8, 

0.00 

an^l  kn^king  up  the  ax^Vuient  2  8  in  table  11.  we  find  the 
eluiiices  arc  about  lO  to  1  Uiut  the  error  in  io,Sq  is  not  more 
than  =^10.17. 

•  I'-if  i  \prr»*ion  o  057  !ii;t>  W  tlu>ui;li1  oi  as  indk.\ti:ti:  .1  proiMbilil>*<lf  057 <Mlt  of 
1000.  A.hich  rrprr»cnt»  a  ratio  oi  057  to  43.  or  *b(mt  ^:  to  t. 


I 
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This  relation  may  now  be  expressed  in  general  tenns  by  putting 
"deviation"  for  ^0.17,  where  it  is  to  be  the  deviation  above 
or  below  the  mean,  which  we  wish  to  use  as  a  limit  for  accu- 
racy; then  putting  "P.£.  mean"  lor  0.061  and  "ooeffident  of 

deviation 

o<J<ls"  for  2.8,  we  have:         _  —coemcient  of  odds,  but 

P  E  sin 

P.E.  mean*  '  ^        (Wood  ix),  and  substitutiog  this  value, 

the  eciuation  becomes  coefficient  ol  odds,  from  which 

^  P.E.  smg.  ' 

IX 

/coefficient  of  oddsXP.£.  sing.\3  ,  . 

N-l  ■  A^^M^  ;  (Jonn^,h2). 

In  illustration  of  the  use  of  this  formula,  table  VI  shows  that  fifty 
grapefruits  from  tree  no.  i  had  an  average  brix  of  13.15  and  the 
P.E.  sinp.  wa?  o.;^5.  What  number  of  fruits  are  required  to  give 
odds  of  10  to  I  that  the  brix  of  that  number  will  be  correct  to 
^0.15?  Table  11  shows  that  for  odds  of  10  to  i,  the  coe^&dent 

of  odds  is  2.5,  therefore  N  =  (   ^  j     )     thirty-four  grapefruits. 

No  account  is  taken  of  errors  in  the  method  of  analysis,  since  in 
the  present  case  analytical  errors  are  small  as  compared  with  the 
variabilit)  of  the  individual  fruits  with  resi>ect  to  the  constituent. 
If  it  is  desired  to  take  analytical  errors  into  account  also,  see 
Waynick  (10)  and  Robinson  and  Lloyd  (7;. 

Comparison  of  formnlas 

Although  formulas  i  and  1  appear  to  be  very  similar,  the  first 
in  fact  giving  values  just  double  those  of  the  second,  certain  essential 
differences  diould  be  pointed  out  Formula  i  applies  when  two 
iijfemU  lots  are  being  compared,  in  which  case  the  significance  of 
the  difference  between  them  is  affected  by  the  sampling  error  of 
each  lot  Formula  2  applies  to  the  analytical  results  of  a  single 
lot  only,  its  own  error  being  the  only  one  involved.  Such  a  condi- 
tkm  arises  when  an  analysis  is  made  for  the  purpose  of  reporting 
the  oooiposition  of  a  product  with  respect  to  a  certain  constituent, 
or  iriien  an  anal>  sis  is  made  to  determine  whether  a  constituent 
has  reached  a  certain  required  value. 
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Accuracy  of  formulas 

In  the  preceding  paragraphs  it  was  found  that  the  u>c  of  formulas 
I  and  2  gave  forty-nine  fruits  as  the  required  number  in  one  illustra- 
tive case,  and  thirty-lour  as  the  re(]uired  number  under  the  other 
set  of  conditions.  We  should  not  be  justitit-d.  however,  in  conclud- 
ing from  this  test  that  forty-seven  would  be  too  few  in  the  first 
case,  and  thirty-six  would  he  more  than  enough  in  the  second. 
With  either  foniiula  it  is  seen  that  the  numljer  N  depends  for  its 
value  upon  the  value  of  the  probable  error  of  a  single  sample,  and 
therefore  it  becomes  necessar\'  to  inquire  how  \  ariable  this  value  is, 
and  what  elTect  changes  in  its  value  have  upon  X. 

TABLE  m 

Dmsuonr  vaict-s  obtainable  prom  same  lot  of  fruit 


CAi-CULATIONS  AFTEK 

or  ncm  analyzu 


IQ 

»s 

ao 

as 
30 

35 
40 

45 

SI 


P.E.  tint 


i.z 

X.I 

1 .0 
I .  I 
I .  I 
I.I 
t.i 
1 . 2 
1.3 


No  !■>{  fruits 
required 


22 

18 

22 

32 
22 

aa 

26 
31 


TaUN  IX  OKOCR  REAKBANCED  BY  LOT 


FiiUiMi 


P.E.  iin^. 
found 


•4 
4 
•4 
•4 
4 
.4 
•4 
■3 
•3 


36 

36 

30 
3b 
36 
36 

ii 
3» 


1.0 
I.S 


Nu.  of  fruits 


18 

«6 

26 
26 

36 
36 
SI 

31 
3» 


It  is  instructive  to  note  what  values  would  have  been  obtained 
if  the  value  of  P.£.  sing,  had  been  taken,  not  after  fifty-one  fruits 
had  been  analyzed,  but  after  the  analysis  of  say  ten  fruits,  or  after 
fifteen,  or  twenty-five.  The  different  values  for  P.£.  sing,  and  N 
that  were  obtainable  in  this  manner  calculated  from  foranila  i  are 
shown  in  table  in.  It  is  thus  found  the  P.£.  sing,  varied  from  1,0 
to  1.3,  which  values,  substituted  in  the  fonnula,  caused  the  value 
of  N  to  vary  from  18  to  31.  Formula  2  would  likewise  have  given 
variable  values,  but  the  actual  figures  would  have  been  one-half 
as  large. 

The  fruits  in  table  I  were  analyzed  in  the  order  of  size,  number 
one  being  the  largest.  It  may  be  urged  that  therefore  we  do  not 
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have  a  true  random  sample,  or  that  there  is  a  correlation  between 
size  and  composition.  The  correlation  coefficient  between  size  and 
the  soluble-soh'ds-acid  ratio,  however,  was  calculated  by  the  method 
recommended  by  Tolley  (9),  and  was  found  to  be  0.158.  with  a 
probable  error  of  0.092,  which  does  not  indicate  any  significant 
correlation. 

In  order  to  partially  eliminate  the  size  of  the  fruit  as  a  factor, 
the  order  in  table  I  was  rearranged  by  lot.    With  the  new  order, 


TABLE  IV 

RSStTLTS  OF  CAIXHTLATIONS  OF  ntOBABLE  EKROS  BASED  ON 

ANALYSIS  or  GROUPS  Or  TEN  FKLTTS  EACH 


Gkoirps  Of  10  nvm  kacs 

SOUOS-ACID  sAno 

lf«.nqnk«l 

■Of  CMVM 

Gnwp  I  

I.O 

18 

0.9 

IS 

3  

1.3 

31 

I.O 

18 

s  

t.6 

47 

6  

1-4 

36 

7  

1.3 

31 

S  

1.3 

31 

9  

1.3 

31 

o-s 

5 

i.S 

59 

1.3 

it 

«3  

I.X 

22 

14  

IS 

IS  

I. a 

a6 

the  values  of  P.K.  sing,  and  N  were  calculated  after  ten  fiuits 
were  analyzed,  after  fifteen,  etc.  The  results  are  shown  in 
table  HL  P.E.  sing,  was  found  to  vary  from  1.3  to  1.4,  causing 
N  to  vary  from  3 1  to  36.  Another  rearrangement  by  lot  is  shown  in 
the  last  two  columns  of  table  III.  Values  of  P.E.  sing,  vary  from 
I.O  to  1.4,  ratir  ing  X  to  change  from  18  to  36.  In  both  these  cases, 
\'alues  by  Jormula  2  would  also  have  been  variable,  but  of  course 
would  have  been  just  half  as  large  numerically. 

Oin  ef  miall  immbafB  to  caloilate  probftUe  error  ef 

■iogte  ImU 

It  may  be  inquired  what  the  P.E.  sing,  would  have  been  for 
different  lots  of  ten  fiuits  each.  Groups  of  ten  each  were  selected 
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by  lot  and  the  values  of  P.E.  sinp  and  N  calculated.  Strictly 
speaking,  when  the  number  invdved  is  small,  say  ten,  the  formula 
for  P.E.  only  gives  approximate  results  (Brunt  x).  The  value  of 
P.E.  sing,  lor  the  ratio  is  thus  shown  to  vary  from  0.5  in  group  10 
to  1.8  in  group  11,  causing  a  change  in  N  from  5  to  59  (table  IV). 
One  trial  with  a  small  number  of  fruits  would  not  be  adequate  for 
the  detennination  of  the  value  of  P.E.  sing,  and  of  N,  at  least  with 
such  variable  material  as  oranges. 


The  preceding  discussion  indicates  that  variable  values  were 
found  for  N,  depending  on  the  value  found  for  P.£.  sing.  To  obtain 
an  idea  of  the  variability  of  P.E.  sing,  and  of  N  in  the' manner 
described  (that  is,  by  obtaining  the  results  given  by  several  different 
groups  containing  dffierent  numbers)  is  tedious  and  unsatisfactory. 
A  more  convenient  method  of  judging  the  accuracy  of  P.£.  sing, 
and  N  is  desired.  It  is  plain  that  the  probable  error  calculated 
from  the  analysis  of  fifty  fruits  is  more  representative  of  the  lot 
than  that  calculated  from  ten  fruits.'  The  relation  of  the  enor  in 
the  probable  error  to  the  number  of  fruits  analyzed  is  given  by  the 
expression  (Brunt  i,  p.  57):  Probable  error  of  P.E.  sing.«P.£. 

sing. X {formula  j).    Ihus  if  1.3  is  the  P.E.  sing,  tor 
I'  n— 1 

the  soluble-soUds-add  ratio  (table  I),  then  the  probable  error 
0.4760 

of  1.3- 1-3  X       — «o.09,  or  about  0.1.    in  other  words,  the 
^51— r 

'*true''  value  of  P.£.  sing,  is  probably  between  1.2  and  1.4.  We 
may  obtain  an  estimate  of  the  limits  of  N  by  substituting  z.3  and 
14  successively  in  the  formulas;  in  this  case  N  is  found  to  be  26 
or  36  for  fonnula  x,  and  13  or  18  for  formula  2. 

Ordinarily  it  will  be  sufficient  to  consider  the  probable  limits 
•of  the  value  of  N  by  approximations  made  by  the  use  of  formula  3 
in  the  manner  mdicated.  If  it  is  found  desirable  to  do  so,  however, 
a  formula  may  be  used  for  the  correction.  If  we  rearrange  formula 


described  by  Goodwin  (a),  we  find  that  deNiation  produced  in  the 


Probabte  enor  of  a  probable  error 


I  to  read :  X  =  2 


coctVidwit 
ditTerencc 


(P.E.  sing.)',  and  apply  the  method 
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vahie  of  N  by  an  enor  in  the  vahie  ol  P.E.  sing,  is  as  follows: 

r  /coefticient\  2  ...    .  ,1 

„  .  ,  „  4Hdai;;ii^)     -"«)'J . .  . 

DeviaUun  m  N-  j/pt?  ^^zr\  X error  in  P.E. 

a^r^.i!«.  stng.) 

(coeffidentX^ 
difference  /  sing.  X error  in  P.E.  sing,  {jormula  4), 

To  apply  this  formula  to  a  particular  case^  we  find  from 
table  III  that  the  P.E.  sing,  for  &fteen  fruits  was  i.i;  the 
error  in  i.i  is  found  by  substituting  in  formula  3  to  be 

0.4769 

1.1  X ,  /  =0.14.    If  we  wish  odds  of  22  to  i  for  a  difference  of 

V  15— I 

1.0  in  ratio,  we  obtain,  by  substitution  in  foimula  4:  Deviation  in 

N  =  4X^^~^  Xi.i  Xo.i4  =  sLv  IruibD,  therefore  the  corresponding 

value,  22,  found  in  table  III,  is  in  error  by  six  fruits,  and  the 

piobable  number  extends  from  16  to  28. 

The  corresponding  formula  for  applying  a  correction  to  for- 

-     .  ,   ,     .        '      /  coefficient\ '    _  _   .         ,    .  , 

mida  2  is :  Deviation  m  N  ■«  2  X  y^iffprp^rpV  •  Xdeviation 

io  P.E.  sing,  ijormtda  5). 

Data  on  oilier  lots  of  oranges 

The  discussion  thus  far  has  related  to  the  data  from  only  one 
lot  of  oranges  norn  a  single  tree.  Fruits  from  four  other  trees  were 
obtained  and  anah  zed  in  the  same  manner.  The  number  of  fruits 
used  was  small,  but  some  idea  of  the  accuracy  of  the  probable 
error.-,  taji  be  obtained  by  applying  formula  3.  The  data  are  shown 
in  table  V,  and  serve  to  indicate  values  of  P.E.  sing,  that  may  be 
ejq)ected  in  dealing  with  different  lots  of  oranges. 

Data  on  grapefruit 

Fifty  fruits  were  taken  at  random  from  a  grapefruit  tree  m  one 
grove,  and  a  conespouding  number  from  another  tree'  located  in 
another  grove.  The  fruits  were  analyzed  individually  and  the  mean 
and  P.E.  sing,  detennined.  To  save  space,  the  complete  analyses 
are  not  given,  but  the  results  are  aimimariaed  m  table  VI.  From 
this  table  it  is  seen  that  F.£.  sing,  of  the  f  niit  ham  the  two  lots  is 
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approximately  the  same  with  respect  to  biix  and  sugar,  but  P.E. 
sing,  for  add  and  for  ratio  is  considerably  diflferent  in  the  two  lots. 

Data  on  lemons 

That  different  lots  of  fruit  show  different  values  for  P.£.  sing,  is 
also  apparent  from  the  analysis  of  individual  lemons.  In  table  VII 
will  be  found  the  results  of  the  analysis  of  thirty  lemons  from 
two  different  lemon  treesi  each  tree  representing  a  different  strsin 

TABLE  V 


bHOWINO  UIFFEKK.VT  VALUKS  OF  P.E.  SING.  WITH  DIFFERENX  LOTS  OF  ORANGES 


Trbb  mi. 

No.  or 

PncXMTAOB  ACUi 

SoLnL  ^ 

Mm 

P.B.IIW. 

Umm 

1  2 

13  "o 

0.87 

0.07 

»S-9 

I .  I 

15.00 

o.s 

0.86 

0.04. 

17.4 

O.S 

IS 

ix.8» 

0.4 

0.79 

0.08 

xs.a 

1.3 

9 

1 9.4s 

X.46 

e.xe 

8.6 

0.7 

TABLE  VI 

CoMPAXiSON  or  OOKVOsmoN  or  rsurr  rrtoM  two  grapefruit  trkbs 


Titu 

Total 
NO.  or 
riiuiTs 

Bkix 

PnCtNTAOB 

Sugar 

Pebccntace 

ACIO 

SOUBt-ACD 
■ATIO 

Mean 

P.E. 
sing. 

Mean 

P.E. 

Mean 

P.E. 
aim;. 

Mean 

P.E. 
liag. 

SO 
50 

12.30 

0.3s 
0.35 

8.16 

7,89 

0.  27 
0.  29 

2 .  29 
1.65 

O.OI 

0.09 

7  5 

0.3 
0.4 

of  the  l.urrku  variety.  W  hilr  Uxi  much  reliance  camiot  be  placed 
on  thr  \  ahu  -  nhtaimd  by  iinalyzing  fifteen  fruits,  it  is  seen  from 
the  tal»l<;  thai  tlu-  two  lots  of  fruit  proliahU  ha\c  diUcrcnt  values 
of  P.E.  sing,  with  respect  to  tiirce  ot  the  characters  of  which 
analytical  results  were  obtained. 

Further  precautions  regarding  use  of  formulas 

Two  further  precautions  may  now  be  added  regarding  the  use 
of  the  fonnulas.  When  the  value  of  P.E.  sing,  has  been  fofund  for 
one  tree  or  lot  of  fruit,  it  must  not  be  assumed  that  another  tree 
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or  lot  will  have  the  same  value  (compaie  addity  of  two  grapefruit 
trees,  table  VI).  When  two  trees  or  lots  ol  fruit  are  found  to  have 
the  same  value  for  P.£.  sing  with  req>ect  to  one  constituent,  it  must 
not  he  assumed  that  they  agree  also  with  le^ct  to  other  constitu- 
ents (compare  trees  no.  i  and  no.  2,  taUe  VI,  with  respect  to 
hiix  and  ratio). 

TABLE  vu 

Vakiabtlity  IX  conposmoK  of  nanvmuAi.  lemons,  Eitreka  va&iety 

_ 


■o. 


I  

»  

4  

S  

6  

7  

8  

9  

10  

H  •  4   «    »  • 

* ■ «  ■  •  I 

13  

14  

15  


Mcttii  

P.E.  mean 
P.E.  sing. . 


Sp  Gr 
of  fniit 

Pcrrcnt- 
rind 

Refrac. 
of  juice 

Acidity 
of  juice 

cc. 
NaOH 

0.9* 

40 

4«.9 

27.  2 

0.96 

40 

44  2 

28. s 

0.94 

SO 

44-2 

28.8 

0.96 

49 

44-8 

29.7 

0.95 

49 

45-2 

27.9 

0.94 

46 

44  6 

30.7 

0.96 

48 

45-6 

30. 5 

0.95 

35 

44.0 

28.7 

0.94 

46 

43-6 

28.1 

0.96 

SO 

46.3 

25  I 

0.95 

>o 

45  0 

27.  S 

0-9S 

48 

45  6 

28.0 

0.96 

57 

43-8 

29.3 

0.96 

39 

43  9 

28.0 

0.97 

49 

45  4 

28-7 

0.9s 

^0.002 
^0.007 

46 

*i  ,0 
^4.0 

44.6 

*0.2 

*o.6 

=8.5 

*0.2 
^0.9 

I. 

2  . 

3 
4- 

S- 
6. 

1 1: 

9 

10. 
1 1 
12. 
13- 
14 


P.E.  mean. 
P.E. sing. . 


Sp.  Gr 
01  fruit 

Percent- 
rind 

Rcfrac 
index 
oi  juice 

Acidity 
of  juice 

cc 
NaOH 

0.96 

4» 

42.1 

24-3 

0.94 

59 

45  4 

24.4 

0.96 

so 

45 

24.9 

o,q8 

36 

440 

26.8 

0.98 

47 

46.8 

21.8 

0.95 

62 

47.0 

24.0 

0.9s 

56 

45-8 

24. 5 

0.96 

54 

45-6 

22.9 

0.98 

47 

45  4 

22.0 

0.99 

54 

47 . 6 

20.8 

0.96 

48 

45-7 

26.6 

0.98 

39 

45-7 

26.3 

0.98 

51 

46.  2 

23.0 

0 .  ()S 

S4 

20.9 

0  Q7 

5Q 

22.0 

0.97 
*o.oo3 

*O.OIO 

SO 

*i-3 
*So 

45-7 

=*=o.3 
*o.9 

23.7 

*o.4 
*i-3 

*  Stnin  dSKribed  by  SoAiiEt,  Scon,  Aod  Pombbov  ff). 

CompaiiaoiL  of  standard  formula  with  Peter's  fonnula  for 
eatoiiartwg  probable  enw  of  afai^  obaervatioii 

Two  general  methods  for  calculating  the  value  of  P.E.  sing, 
are  as  follows: 


Standard  foruvla 

P.E.  smg.-  *o.6745  ^ 


Peter's  FORMtrLA 


P.E.  sing.  -  *o.8453 


V  n(n— i) 


Thus,  to  use  the  standard  formula,  the  sum  of  the  squares  of 
the  deviations  must  be  found,  while  with  Peter's  foimula  only  the 
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sum  of  the  deviations  (taken  without  regard  to  sign)  is  needed.  In- 
asmuch as  the  latter  method  is  more  convenient,  it  seemed  profitable 
to  show  the  difference  in  the  value  of  P.£.  sing,  given  by  the  two 
methods.  In  table  YTll  are  shown  the  comparative  values  found.' 
It  is  seen  that  the  dilTerencc  in  the  value  of  P.E.  sing,  by  the  two 
methods  is  at  least  not  more  than  is  shown  between  two  groups  of 
even  the  same  lot  of  fruit.  Hence  no  large  error  would  havL-  been 
introduced  by  the  use  of  the  more  convenient  Peter's  formula. 

TABLE  VIII 

COMFAEISON   OF  SXAXOA&D    FOKMVLA  WITH   PeXER's  FORMl'LA  FOR  CALCULAtDK} 

raoBABU  suun  ov  smotE  obswatton 


N<».  U?  XKl  Il-S  IN 


zo 

25 
«S 

.'?o 

40 
45 


Percentage  suBar 


SlunUrd 
f«nMik 

Peters 

0.39 

0.40 

0.34 

0.34 

0.44 

0.4« 

0.43 

0-43 

0.40 

0.40 

0.40 

0.40 

0.39 

0.38 

Summary 

1.  FnnniiVi  ire  given,  for  use  under  two  different  conditions  of 
sampling,  to  determine  the  number  of  fruits  required  in  a  sample 
in  order  to  give  a  desired  assurance  that  a  certain  accuracy  has 

been  attained. 

2.  Appro.xiniatcly  250  fruit-  of  orange*,  lemons,  and  grupeiruit 
were  amdyzed  indi\ iduallw  and  tin-  |)r()l)al)U-  errors  calculated. 
The  data  x.  oVjtatncd  were  ajij^Iicd  lo  the  formulas,  and  munericai 
examples  worked  out  to  illuatrale  their  use. 

T,.  It  i>  >h()wu  that  the  values  given  by  the  lOnuulas  arc  only 
appro-xiniately  turrect.  The  sources  of  error  are  «ii>(us-eil  and 
formulas  given  by  which  the  amount  of  this  maccuritcy  may  be 
estimated  under  different  conditions. 


«  ComiMiUtkms  are  made  much  easier  by  Uie  use  oi  tables  givea  by  Muxoa  (4). 
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4.  Analyses  ol  fruits  taken  from  different  orange,  lemon,  and 
giapefniit  trees  are  given,  showing  the  variability  of  the  fruits  of 
different  trees  with  respect  to  brix  of  juice,  percentage  of  sugar, 
acidity,  etc.,  and  the  values  of  the  probable  errors  that  such 
variability  produced. 

The  writer  wishes  to  expnaa  appreciation  to  Mr.  E.  M.  Chace 
and  Mr.  C.  G.  Church  for  cooperation  in  obtaining  the  analytical 
data  and  for  critidsm  of  the  manuscript. 

Uimso  StATVs  Dbpaktmest  or  AmKVtnmM 
LiUKttATOKy  o»  Fruit  and  Vi  cktablb  CBBUsny 
Los  Angeles,  Cal. 
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URKDINALES  COLLPX  Tl  D  BY  R.  TH,\XTER  AND 
J.  B.  RORER  IN  TRINIDAD' 

J.  C.  A  R  T  H  n  R 

(with  foim  f iGUJues) 

During  a  visit  to  Trinidad  extending  from  December  19, 1913, 

to  May  16,  1 913,  made  by  Dr.  Roland  T^axter  of  Hansard 
University  for  the  purpose  of  collecting  insects  and  fungi,  especially 
Pyrenomycetes,  a  number  of  Uredinales  were  secured,  duefly  in 
the  latter  half  of  the  period.  The  island  of  Tobago  was  also 
visited  for  a  day  in  May.  This  island  lies  about  thirty  miles 
northeast  of  Trinidad,  and  geographically  is  to  be  considered  with 
it  in  a  study  of  the  flora.  The  two  islands  lie  close  to  the  northern 
coast  of  South  America,  and  in  their  faunal  and  floral  relations 
belong  to  that  continent. 

The  Uredinales.  consisting  of  alxnit  forty-tlve  numbers,  includ- 
ing two  from  Pobago,  were  recently  submitted  to  the  writer  lor 
study  by  Thaxtkr.  They  have  been  found  to  represent  thirty- 
seven  specie-^  o{  ru>i--.  and  to  fall  into  the  unusually  large  percentage 
oi  fourteen  ^'enera.  Two  of  the  species  aj^pear  to  be  unclescribed, 
and  one  ut  these  seems  suthcientiy  distinctive  to  be  the  type  of  a 
new  ^'rnus. 

Little  is  known  of  the  rusls  oi  Triuidad,  and  the  independent 
publication  of  this  interesting  Ust  of  species  appears  to  be  worth 
while.  A  few  numbers  have  been  added,  which  were  collected  in 
1915  and  1916  and  sent  to  the  writer  by  Mr.  James  B.  Roi^er, 
Mycologist  to  the  Board  of  Agriculture  of  Trinidad  from  1909  to 
r9i8,  and  earlier  assistant  in  botany  at  Harvard  University.  He 
sent  four  numbers,  which  show  the  same  high  percentage  of  species 
and  genera  as  thosie  from  T^axter,  there  being  four  spedes,  one 
of  them  a  most  interesting  undescribed  form,  and  three  genera.  All 
of  the  species  and  two  of  the  genera  are  unrepresented  in  the 
Thaxter  collection. 

<  CQtttxibttdoQ  from  the  Botanical  Dq)*rtai«iit  of  Purdue  Uaivenity  Agricoltaml 
Ezperinent  Statkm. 

Eaiaaical  Oasattt,  vol.  7)]  ts^ 
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In  the  folkming  list  nos.  6,  8, 14, 18,  19,  20,  30^36,  thirteen  in 
all  (that  Is,  30  per  cent)  are  short  cycle  spedes,  while  the  others 
drop  into  various  catc^ries  of  long  cycle  specws,  five  of  them,  nos. 
z,  i7»  33,  36,  and  28,  being  actually  or  potentiaUy  heteroedous. 
Altogether  the  list  embraces  forty-three  species  of  rusts,  under 
sixteen  genera,  an  excellent  beginning  to  the  study  of  the  Uredinales 
of  Trinidad  and  its  adjacent  islands. 

For  those  species  which  have  received  treatment  in  the  seventh 
volume  of  the  North  American  Flora  reference  is  made  to  the  page 
where  the  description  and  synonoray  occur;  for  the  other  species 
reference  is  given  to  the  place  of  the  original  description.  Thanks 
are  especially  due  to  Dr.  Thaxter  and  Mr.  RORER  for  the  drawing 
and  photographs  included  in  this  paper,  iUustrating  two  of  the 
new  species. 

T.  CoLEOspoRiUM  Ipomoeae  (Schw.)  Burr.  N.A.F.  87. — On 
Ipomoea  (glabra  (Aubl.)  Choisy,  St.  Anns  Valley,  February  1913, 

II,  Thaxler  4. 

Somewhat  common  throughout  the  West  Indies  in  its  urediniai  stage. 

2.  Phakopsora  Crotonts  (Cooke)  Arth.  X..^.F.  104. — On 
Croton  ^ossypijolium  Vahl,  La  Seiva  Valley,  May  5,  1913,  II, 
Thaxter  43. 

3.  Phakopsora  ViTis  (Thum.)  Sydow.  N.A.F.  102  {Uredo  Vitis 
Thiim.). — On  cultivated  grape  {Vitis  sp.),  Port  of  Spain,  October 

1 916,  II,  Rorer. 

4.  Cerotelium  Fici  (Cast.)  Arth.  Bull.  Torr.  Bot.  Club  44: 509. 

1917.  — On  Fkus  radula  Willd.,  Maraval  Valley,  May  14,  1913,  II, 
TItaxkr. 

5.  Cerotelium  minutum,  sp.  nov. 

II.  Uredinia  hypophyllous,  more  or  less  grouped  on  discolored 
spots,  hidden  in  the  pubescence  of  the  host,  small,  0.1-0.3  mm.  In 
diameter,  soon  naked,  pulverulent,  pale  yellow  becoming  color- 
less; peridium  and  paraphyses  wanting;  urediniospores  obovoid 
or  globoid,  small,  14-16X17-23  m;  wall  pale  yellow  or  colorless, 
thin,  I  iu  or  less,  sparingly  and  prominently  ediinulate,  the  pores 
obscure. 

III.  Telia  hypophyllous,  hidden  by  the  pubescence,  minute, 
0.03-0.08  mm.  in  diameter,  erumpent,  forming  columns  about 
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30-5011  hij^,  fusootts;  tdkM|>ofes  catcnukte,  adhering  laterally  to 
fonu  a  cylindric  column,  ell^Moid  or  cuboid,  13-14  X 13-1611; 
pale  dnnaznon'-lirown,  unifonnly  thin,  x  |i  or  less,  smooth. 

On  an  undetermined  Bignoniaceous  vine,  La  Seiva  Valley, 
April  1913,  II,  iii,  Thaxler  38. 

The  host  has  hirge  tniinpet*«luped  flowen  ud  Uwge,  ovate,  pointed  leaves, 

pale  with  dense  pul)esrencc  beneath.  The  rust  is  unusually  minute.  The 
presence  of  telia  uas  pointed  out  by  Thaxter,  who  supplied  a  micnwcope 
slide  with  sections  showing  the  telial  structure. 

Maravaliay  gen.  nov. 

Cycle  of  development  Includes  telia,  and  possibly  pycnia. 

Telia  subepideimal,  erumpent,  somewhat  indefinite.  Telio- 
spores  free,  one-celled,  with  apical  germination,  pedicellate;  wall 
colorless,  thin,  smooth. 

6.  MaravaUa  pallida  Arthur  and  Thaxter,  sp.  nov. 

O.  Pycnia  unknown,  probably  not  formed. 
•  m.  Telia  hypophyllous,  numerous  in  circular  areas  5-10  mm. 
across  on  somewhat  larger  yellowish  spots,  at  first  pulvinate, 
roundish,  0.2-0.4  mm.  across,  becimiing  larger,  elongate  and 
branched,  somewhat  confluent,  early  naked,  yellowi^  becoming 
white,  velvety  by  germination,  ruptured  epidermis  erect  or  some- 
what ovorarchinfj;  teliosporcs  elongate-oblong,  clavatp-oblonf?.  or 
cyliiiflroid.  !v  '7X58  67JU.  rDunded  at  both  ends  or  narrowed 
below,  gernimaLing  upon  maturity:  wall  colorless.,  uniformly  ven- 
thin,  about  0.5^.  smooth;  pedicel  slender,  S-io/i  in  diameter, 
20~35/i  long,  colorlt  s?;. 

On  Pitliecolobium  latijolium  (L.)  Benth.  (Zygia  latijolia  St.  Hil.), 
Maraval  Valley.  April  1913.  Thaxter. 

The  gem'H  dilTcrs  from  Charimii},  established  by  Jt'EL  for  a  whili-  rust  on 
FiUtecolobium  dimrkaium  (.Bong.J  Uenth.,  from  Paraguay,  by  the  mode  of 

ori^  of  tfie  qxMrcs.  Both  are  short  cycle  species;  to  ChacmUa  the  spores  ut 
sesnle  and  dusteied  on  « laige  basal  cell,  while  in  Maratutia  they  are  pediccUed 

and  arbc  directly  from  the  hymenial  layer  ut  h>^)hac  in  the  same  manucr  ;is 
is  usua!  in  the  I  irge  majority  of  rusts  (fig.  1).  The  Kfnn*^  i?:  apf>arent!y  a  short 
cycle  tonditioii  of  the  genus  Spireihithi.  M.  paUnia  much  rejH-inbles  m  gross 
appeiirance  H.  epiphylUi,  a  Texan  rust  on  Ruinis,  In  its  teliospores  it  also 
mudi  resembles  S.  epiphylta,  and  there  is  even  a  closer  resemblance  to  those 
of  5.  PitUmatui.  another  Rubus  rust  from  Costa  Rica.  Figs.  I  and  2  well 
iUustmte  the  structure  and  habit  of  the  nist. 
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7.  MUMk  Btectani  (Sydow),  comb.  nov.  {Melampsorella  Bleckni 
Sydow,  Ann.  Myc.  1:537.  1903;  Uredo  Blechni  Diet,  and  Neg., 
Engler's  Jahrb.  22:358.  1896).— On  LygodUm  polymorpkum 
(Cav.)  H.B.K.,  St.  Anns  Valley,  Febniaiy  20, II,  Thaxier^$, 

A  comnKm  rust  in  Europe,  and  also  known  from  Chile.  The  host  is  new 
for  the  species.  Special  interest  attaches  to  the  group  of  fern  ntsts  to  which 
this  one  belongs,  as  probably  representing  the  most  primitive  ciiaracters  oi 
Mel^psoraceae,  and  possibly  of  all  the  rusl^  as  well. 

8.  CioNOTHRix  PRAELONGA  (Wint.)  Arth.  NA.F.  124. — On 
Eupatonum  odoraUm  L.,  La  Sdva  Valley,  April  1913,  Thaxter  41. 

A  common  short  cycle  rust 

occuring    throughout  tropical 

America  on  various  species  of 
Eupatorium. 

9.  Ravlnelia  Indigo- 
FERAE  Tranz,  N.A.F.  144. 

—On  Indigo-jcra  sujfruticosa 
Mill.  (/.  Anil  L.).  Roxhor 
ou^zh.     I'ohago,    May  8-9, 
1913.  II.  Thaxler  25. 

10.  DiCUEIRINIA  BINATA 

(Berk.)  Arth.  NAF.  147 
(Vred9  Cabrmmta  Kem  and 
KeUerm.). — On  Erythrina 
umbrosa  K.B.K.,  Palmiste,  San  Fernando,  October  24,  1916, 
n,  Rorer. 

"  1  he  host  is  called  Anauca  Immortal,  and  is  used  to  shade  cacao.  The 
nitt  attA^  not  only  the  leaf  blades,  bot  the  midribs  and  peCMcs,  sometimes 
csioring  distortion,"  as  writes  Mr.  Rokbb.  It  is  not  mwwitiwwwi  in  other 
West  Indian  islands  and  in  Central  America. 

11.  Ctenoderm^a  rKisTATintf  (Sptg.)  Sydow,  Ann.  Myc.  17: 103. 
lyic)  (Uromycts  Cupaniae  Arth.  and  Johnst.). — On  Cupania 
amerkana  I...  Maraval  Valley,  April  iqi.s.  HI,  Thaxter  40. 

12.  Desmella  Gymnogrammes  (P.  Hcnn.)  Sydow.  Ami.  Myc. 
16:242.  1918. — On  Adiantum  latifoliutn  Lam.,  Maruval  Valley, 
Marcb  1913,  II,  Thaxler  44;  CyclopelUs  semicordala  (Sw.)  J.  Sm., 
Maraval  Valley,  19 13,  II,  Thaxier  46. 


Fig.  1. — Young  and  mature  tcliosporcs 
of  MorcMdia  fiailida,  the  latter  germinating. 
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This  is  a  common  fern  rust  in  its  uredinial  stage  throughout  tropical 
America  on  many  genera  of  ferns.  It  has  been  reported  from  Porto  Rico  on 
the  first  named  host,  but  the  second  host  is  a  new  record.  The  teliospores 
have  recently  come  to  light  on  a  collection  from  Brazil  of  Lygodium  poly- 
morphum  (Cav.)  H.B.K.  in  the  National  Herbarium.  I  am  indebted  to  Mr. 
W.  R.  Maxon  for  the  opportunity  of  stud>ing  this  interesting  material,  and 

also  for  his  kindness  in  deter- 
mining the  ferns  mentioned  in 
this  paper.  The  genus  DesntcUa 
possesses  by  far  the  most  primi- 
tive characters  of  any  rusts 
known  in  the  family  Accidiaccae 
(Puctiniaceae),  and  consequently 
its  members  have  unusual  interest 
for  the  student  of  Uredinalean 
evolution. 

13.  Uromyces  COLUM- 
BiANUS  Mayor,  Mem.  Soc. 
Neuch.  5:467.  1913. — On 
Melanthera  aspera  (Jacq.) 
Steud..  Manzanilla  Beach. 
1913,  II,  Thaxler  33;  Mar- 
aval  Valley.  1913,  i.  II. 
Thaxler  34. 

14.  Uromyces  j.\M.AiCEX- 
sis  Vcsterg.  Ark.  Bot. 
Stockh.  4'*:  33.  1905. — On 
Ba  uhin  ia  Pa  uletia  P  e  r  s . . 
St.  Anns  Valley.  March- 
April  1913.  Thaxter  20a;  La 
Seiva  Valley.  April- May 
1 91 3.  Thaxter  20b. 

A  short  cycle  sjHxiw  known  heretofore  only  from  the  North  American 
West  Indies  and  Moxii-o. 

15.  Uromycfs  WuLFFiAE-STENiH.LossAE  Diet.  Ann.  Myc. 
6:90.  iQoS. — On  Wulfia  botcala  (LA.)  Kuntze.  St.  Anns  Valley. 
1013.  III.  Thaxter  35:   La  Soiva  Valley.  1913.  III.  Thaxter  36. 

lO.  PiiviNi.\  .AcxisTi  .\rth.  X.A.F.  471.— On  Acnislus  arhor- 
eseens  Schlecht..  Maraval  Valley.  1013.  I.  Thaxter  23. 


Pio.  a. — Leaf  of  /*i7A«o/<>^imm  latifotium 
showing  groups  of  son  of  Mararolia  pallida, 
neariy  natural  size. 
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17.  PucciN'iA  A>rriOQiTTNENSTS  Mavof,  N.A.F.  347.  -On 
Cyperus  diffusus  Vahl.  Sangre  Grande,  April  1913.  Ill,  Tha.xter  51. 

18.  PuccwiA  ARKCHAVAr.KTAE  Spcg.  Asm.  Soc.  Ci.  Arg.  12:67. 
18S1. — On  Urvillea  Seriaiui  (L.)  H.B.K.,  St.  Claire,  Port  of  Spain, 
February-April  igi^,  Thaxter  28. 

19.  Puccinia  corticola  Arthur  and  Rorer,  sp.  nov. 

O.  Pycnia  amphigenous.  ralhcr  few,  seen  in  groups  ol  2  or  3, 
inconspicuous,  subepidermal,  flask-shaped,  74-96/11  broad  by  iio- 
high;  ostiolar  filaments  agglutinated. 

m.  Telia  amphigenous  and  catdicolous,  <m  leaves  and  young 
twigs,  few,  scattoed,  confluent  in  groups  of  6-nS  or  moxe,  on  leaf 
blades  rounded,  on  nudribs  and  stems  oblong  or  lenticular, 
0.2-1.3  ^  trunk  and  branches  much  larger,  rather  eaiiy 

naked,  daik  brown,  pulverulent,  ruptured  efndennis  evident; 
tdiospores  ellipsoid,  19-24X30^4211,  rounded  above  and  below, 
slightly  or  not  constricted  at  septum;  wall  cinnamon  or  chestnut 
brown,  2-2.5M  thick,  slightly  thicker  at  apex,  coarsely  and  sparsely 
verrucose,  the  markings  more  pmoimced  above,  pedicel  colodess, 
fragile. 

On  CordiaGerascatUkMS  L.  (Ehietiaceae),  Arima  Forest  Reserve, 
December  191 5,  Rorer, 

The  host,  Mr.  RouKwxitcs,  it  "a  timber  tree,  which  yields  a  uDod  known 
as  Cypie.  The  disease  is  of  economic  importance  heie,  as  it  not  only  attacks 

the  Ien\'es  and  \t5ung  twigs,  but  the  older  branches  as  well,  and  causes  large 
lesions  on  the  main  trunk  of  the  tree."  I'ips.  3  and  4  show  the  injurj'  to  live 
year  old  trees,  ihis  inLeresiting  short  cycle  species  is  the  only  rust  in  Puccinia 
known  to  attack  the  trunks  and  larger  bfandtes  of  tieei,  altfaou^  tome  qsedes 
of  Cymimp«m^mm  ihow  sodi  behavior. 

20.  PxJCXiNiA  EuPATORir  DiET.  Hedwigia  36:32.  i8<)7. — 
On  Eupatorium  ircsinoidcs  H.li.K.,  Diego  Martin,  1913,  Thaxter  32. 

21.  PuccLNiA  GouANiAE  Holway,  Ann.  Myc.  3:21.  1905  — 
On  Gouania  polygama  (Jacq.)  Urban,  Maraval  Valley,  March  1913, 
n,  Thaxter  30a;  RcadMMTough,  Tobago,  May  8-9,  1913,  II,  iii, 
Thoxler  30b. 

29,  Puccinia  Heixconiae  (Diet)  Arth.  Bull.  Torr.  Bot.  Club 
45:144.  1918.— On  Btkai  PsiUaeonm  (Js*)  Kuntze  {Helieema 
PsiUaeanm  L.),  La  Seiva  Valley,  April  1913,  n,  Thaxler  11. 
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23.  Puccinia  (?)  ignava  (Arth.),  comb.  nov.  {Uredo  ignava 
Arth.).  X.A.F.  341. — On  Dendrocalamus  giganteus  Munro  (?), 
Maraval  Valley,  March  1913,  II,  Thaxter  49. 


Fig.  3. — Base  of  trunk  of  a  five-year-old  tree  of  Cordia  Gfrascatithus,  showing 
severe  injury  causwl  by  Puccinia  rorlicola. 

The  host  is  an  intro<luce<l  hamlxK),  and  one  not  before  recorded  for  the 
rust.    The  name  is  transfcrrwl  to  Pmcinia  for  convenience  of  listing.  There 
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is  large  probability  that  when  the  teliosporcs  are  found  they  will  justify  this 
change. 


Fig.  4. — Trunk  of  five-year-old  tree  of  Cordia  Grrascanlhus,  showing  lesions  made 
by  Puccinia  corticola. 

24.  PuccixlA  INVAGINATA  Arth.  and  Johnston,  Mem.  Torr. 
Club  17: 146.  1918. — On  Gouania  polygama  (Jacq.)  Urban,  St.  Anns 
Valley,  May  3,  1913.  II,  III,  Thaxter  29. 
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Heretofore  kmnm  fram  die  North  Americui  West  Indies  and  Guatomla, 
but  not  from  Sooth  America. 

35.  PirociNU  Leonoiidis  (P.  Henn.)  Arth.  X.A.F.  On 
Leonofis  nepekufoUa  (L.)  R*  Br.»  Maxaval  Valley,  March  I9i3»  II, 
Thaxter  10. 

On^  the  nndhiia  of  th^  oommon  tropica]  nist  are  known  in  America. 

26.  PuccmiA  PURPUREA  Cooke,  N.A.F.  284.-00  Guinea  com, 
Solcus  Sorghum  L.,  Port  of  Spain,  September  1916,  II,  Rorer. 

37.  PiTOcraiA  RxTELLiAE  ^ttk.  Bod  Br.)  Lagerh.  NA.F.  415.— 
On  Bleckum  Bnnmei  Juss.»  La  Seiva  Valley,  1913,  II,  Tkaxler  2; 
Diantkera  pcctoraHs  (Jacq.)  Gmel.  (JusHcia  pectoralis  Jacq.),  Port 
of  Spain,  1913,  n,  Tkaxler  3. 

28.  PuccDfiA  SciSRiAB  (Paz.)  Artb.  N.A.F.  349.-^  Fassp- 
Jhra  kA»asa  Jacq.,  St.  Anns  Valley,  Febroacy-Maich  1913,  I, 
Tkaxler  18;  Sdma  sp.,  Sangie  Grande,  April  iprs,  U,  Tkaadtr  53. 

Cultures  cstaUishing  the  relation  of  the  alternate  hosts  of  this  species  were 
made  by  Mr.  H.  E.  Tbomas  in  Porto  Rioo  in  1917  (Phytopath.  8:i63''t64* 
19x8). 

39.  PaccmiA  Smilacis  Schw.  N.A.F.  377.-^>n  SMax  cunum^ 
ensis  Willd.  ( ?),  La  Seiva  VaUey,  March-April  1913,  II,  Tkaxkr  17. 
Not  before  reported  for  the  South  American  region, 

30.  PucciNiA  SpEGAznNn  DeToni,  in  Sacc.  Syll.  Fung.  7: 704. 
1888.— On  Mikania  sp.,  Maraval  Valley,  April  1913,  Tkaxkr  7. 

31.  PucciNiA  Synedkeixab  P.  Hemu  Hedwigia  37: 377. 1898.— 
On  EmiHa  sanckifcUa  (L.)  DC,  La  Seiva  Valley,  April-May  1913, 
Tkaxler  22;  SyHedreOa  nodifiera  (L.)  Gaertn.,  Sangre  Grande, 
April  1913,  Tkaxkr  42. 

33.  PccciNiA  Triumfettae  IKetel  and  Holway;  Holway,BoT. 
Gaz.  24:30.  1897. — On  Trkimfelta  sp.,  Maraval  and  La  Seiva 
Valley,  April-May  1913,  Tkaxler. 

Heretofore  scantily  represented  !)>  collections  from  southern  Mexico  and 
Ecuador.  The  nillection  here  ritc-d  also  bore  Fucciniosira  pattidtUa  rather 
intimately  associated  on  the  same  leaves. 

33.  Endophylluic  GtJTTATUM  (Kunzc)  Sydow,  -\nn.  Myc. 
17:179.  1920  (E.  circumscriptum  WTietzel  and  Olive). — On 
Cissus  sicyoides  L.,  Sangre  Grande,  February  1913,  Tkaxler  34. 
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34.  Emdofbyixuii  raauD  (Kimze)  Sydow,  Aim.  Hyc*  17: 179. 
199Q.  {B,  decohratum  Wlwtxel  and  Olive.)— On  Clibadium 
smnmameme  L,,  Mwaval  Valley,  1913,  Thaxler  37. 

35.  Enoophylluk  Wedeliae  (Earle)  Whetzel  and  Olive,  Amer. 
Jour  Rot  4:40  iQi7.--0n  Weddia  IriMtata  (L.)  Hitchc,  Man^ 
sanilla  Beach,  March  1913,  Thaxler  5b. 

36.  PrccixiosiRA  PALLiDULA  (Speg.)  Lagedi.  N.A.F.  i27.--On 
Triumfetta  sp.  Maraval  Valley,  19x3,  Thaxler  27.  Also  associated 
with  Puccinia  Triumfeitae  in  another  collectioiL 

37.  Uredo  Adenocalymmatis  p.  Henn  Hedwigia  35:249. 
1^0^*  -On  fiignoniaceacy  La  Seiva  Valley,  April  I9i3»  Thax- 
Ur 

3h.  I  KFrm  riiFKiMoi  i \f;  La^crh.  Bull.  Soc.  Myc.  Fr.  11:21!;. 
1805.  On  RoUinia  mtUUfiora  bplitg.,  La  Seiva  Valley,  Thaxler  14. 

A  new  host  for  tbb  oonunon  Anonaoeous  rust. 

39  Uksdo  MAMDBVtUAB  Mayor,  Wxn,  Soc.  Neuch.  5:591. 
1913.^011  MaHdenUa  lamenlosa  (Vidi])  Kimtze,  Aripo  Savanna, 
April  1913,  Tkaxkr  9a;  La  Seiva  Valley,  April  1913,  Thaxler  9b. 

40.  UuDO  Pbyuanthi  p.  Henn.  Hedwigia  35:248.  1896.— 
On  PkyUanlkms  Cenami  Sw.  {P,  acumnalHS  Vahl),  Maraval  Valley, 
Maich  1913.  Thaxler  31. 

The  species  has  previously  been  recorded  from  the  vicinity  of  Rio  de 
JaMifD.Bnsfl. 

\i   I'KKix)   kiHfcscENS  Afth.   Mycologia   7:127.  T015 
Di/f^ienia  tontrajen>a  L.,  Maraval  Valley,  January  19 13,  Ihax- 
Ur  13. 

Aho  known  from  Porto  Rico  and  Guatemala. 

42,  UtKDO  SAKiCBicoiA  Aftb.  Mycologia  7:323.  1915.-011 
SMcea  atpera  Aubl.,  La  Seiv»  Valley,  March-April  1913,  Thaxler 
19a,  b. 

HcrCoAmv  ooljr  kuowu  f ran  Porto  Rjoo. 

4^  .^ECIDIUM  BRASiLiEXSE  Diet.  Hcdwjgia  36:35,  1897.— On 
L  ardia  sp.,  Maraval  Valley,  loi  ^.  Thaxter  15,  16. 

Pgeyiomijf  rqMCted  Inm  •outheni  Brasil. 
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CLASSIFICATION  OF  THE  ANAEROBIC  BACTERIA' 

HlKI>A  Hkmpl  Hbllxk 

The  cbssification  of  living  fonns  should  <lfipeiid  on  an  imder- 
standmg  of  the  laws  of  heredity  as  demonstiated  in  those  fonns. 
Preliminaiy  chssifications  are  made  by  qjplying  the  machineiy  of 
anangement  that  has  been  worked  out  for  other  groups  that  axe 
well  understood,  to  groups  of  whose  biological  processes  we  know 
litUe.  Prdiminaiy  classiiicatioiis  are  necessary  and  are  as  desirable 
as  are  catalogues,  and  should  be  made  to  correspond  to  the  known 
life  processes  of  the  organisms  as  nearly  as  possible,  but  they  should 
only  be  offered  tentatively. 

The  study  of  the  biolog>^  of  the  anaerobic  bacilli  is  in  its  early 
morning  twilight.  Today  the  scientific  world  holds  two  widely 
opposite  opinions  in  regard  to  the  classification  of  these  organi'^ms. 
Tbe  view  held  in  Western  Kurojic  and  in  America  is  that  the 
anaerobic  specie>  ari-  many,  distingiii<hal)le.  and  not  highly  vari- 
able; that  held  by  many  workers  in  C  entral  Kurope  is  that  the 
sjM\ic>  are  iiractically  indistinguishable,  arc  higliiy  variable,  and 
ma\  bf  eliani^i'd  mu"  into  another.  It  is  impossible  to  bring  these 
two  point--  of  \  iew  into  alipnnetit.  I  hey  are  not  to  attributed 
to  divcr>e  inti'r])rctatiuu  ul  ditTi  reiu  <.  •-  that  shade  into  one  another. 
They  arc  Uuniselves  the  outeonu  nl  <ui  evolutiouar)"  process, 
depending  on  u  mutation  in  thought,  ioUowed  by  the  throwing  up 
of  a  geographical  barrier  in  1914  that  isolated  the  mutant  thouijht 
anil  permitted  it  to  overgrow  its  ancestral  t>pes  of  reasoning  in  a 
peculiarly  favorable  soil.  The  crux  of  the  matter  lies  in  the  purity 
of  the  cultures  studied  by  the  classifier.  It  is  notorious  that  the 
casual  worker  with  anaerobic  organisnis  knows  neither  how  to 
purify  them*  nor  how  to  tell  when  they  are  pure  or  impure.  The 
anaerobes  are  not  difficult  to  isolate  when  one  knows  how,  but 
usually  workers  do  not  know  how.  Anaerobes  have  occasMmally 
been  isolatetl  m  pure  culture  since  the  early  days  of  bacteriology. 

>  Fhim  lh«  Ownsr  Winiatns  IIo«>pcr  FouihUtwin  for  Medical  Rcacavch.  Uiiiwr> 
«ty  of  i^aUforna  Mciikat  Si'iH>ot,  San  Francim.-o. 
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A  number  of  descriptions  of  pure  cultures  exist,  but  it  was  the 
excepticfnaUy  studious  worker  who  was  responsible  for  such  desciq>- 
tions,  and  casual  worker  were  apparently  in  the  majority. 

In  1901  Grassberger  and  Schattenfroh  (18,  19)  propounded 

their  thcon-  of  the  transmutability  of  anaerobic  species.  In  the 
period  following  they  corroborated  and  extended  their  findinf^*:, 
and  tlieir  work  was  pushed  ^^ith  so  many  publications  (16, 17, 20  23) 
and  with  so  mucli  assertion  that  by  19 14  it  was  seriously  quoted  in 
at  least  one  well  known  Ciemian  textbook  (39),  and  the  doctrine 
was  thoroughly  distributed  throughout  Central  Europe.  Under 
pressure  of  war.  work  is  not  carefully  done.  The  casual  workers 
found  it  necessary  to  make  mam'  anaerobic  diagnoses  from  gas 
gangrene  cases,  which  they  made  raj>Kily,  and  then  tunn  d  to  their 
new  found  collections  to  classif}"  them.  Many  of  these  war  workers 
corroborated  the  general  findings  of  Grassberger  and  Schatten- 
FKOH,  namely,  that  the  characters  of  anaerobe  are  highly  variable, 
and  that  species  among  these  organisms  are  not  to  be  seriously 
studied. 

CotOLADi  and  Bieiing  (4,  5)  were  the  most  extreme  m  their 
contoitiODs,  flaiming  that  one  labile  spedes  was  responsiUe  for  all 
gas  gangrene  cases.  They  described  two  cycles,  one  developing  on 
caifoohydFate  media^  the  other  on  protein  media,  and  claimed  that 
m%niMn»  sera  identified  all  the  strains  in  each  cyde,  but  that  when 
a  stnin  was  changed  over  to  the  other  cycle  culturaUy,  it  was  also 
changed  immunologicaUy  to  that  cyde.  Such  contentions  struck  so 
fordbly  against  all  conceptions  of  immunity  that  they  did  not  long 
go  undiallenged.  A  number  of  workers  (la,  38)  corroborated  the 
transmutability  findings  but  not  the  unmunological  ones.  In  fact 
Klose  (31,  32),  working  with  highly  variable  impure  cultures,  used 
toxin  formation  to  distinguish  his  strains.  Some,  such  as  Aschoff 
(1),  who  worked  \Nith  slightly  impure  cultures,  remained  on  the 
fence  in  regard  to  the  transformations.  Most  assertive  in  their 
contentions  that  anaerobic  organisms  are  hig^hly  variable  in  their 
reactions  and  are  transmuiable  were  the  school  of  Koi.i.i:  (  34-36), 
especially  Schlossberger  (43),  who  suggested  that  the  anaerobes 
may  represent  a  single  species.  These  workers  sent  cultures  to 
VON  Wasserilvnn  (49),  who  declared  them  indistinguishable.  He 
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refused  to  submit  anaerobic  cultures  to  such  drastic  treatment  as 
transatlantic  shipment  because  of  their  fragility  (48),  and  yet  an 
anaerobic  organism  taken  in  muscle  from  a  whale  by  Xielsex 
(40)  in  1888  responded  satisfactonly  tn  routine  anaerobic  technicjue 
in  this  laboratory  in  1918,  killing  its  guinea  pig  promptK  and 
resembling  exactly  its  original  description'  In  the  veterinar\'  tield 
VAN  Heelsbergf.n  124)  recently  aligned  himself  with  the  German 
workers  in  human  pathology. 

The  alteration  of  scientific  attitude  brought  about  by  the 
adherence  to  such  a  theor\'  as  this  is  most  interesting.  Things 
ber(  iiu  so  simple  under  such  an  explanation,  many  technical 
(liHii.ultic>  are  eliminated,  immunization  of  animaU  tor  therapeutic 
purposes  is  made  easy,  and  the  scientific  world,  from  the  point  of 
view  of  these  workers,  is  so  much  the  better  oS,  For,  if  anaerobes 
may  be  changed  one  into  another,  why  bother  about  isokting  them  ? 
Tb^  will  not  stay  pure.  Anaerobic  cultures  from  Central  Europe 
that  have  found  their  way  to  this  countr>  are  seldom  pure,  and 
frequently  do  not  contain  the  type  of  organism  for  which  they  were 
named.  If  they  contain  a  pathogen*  two  or  three  types  may  be 
isolated  from  the  cultures,  and  these  types  behave  consistently  and 
do  not  do  the  queer  things  they  were  supposed  to  do  by  their  first 
students.  Central  European  anaerobic  studies  are  struggling  in 
the  dark,  the  days  of  Nageu  and  Billroth  have  returned,  the 
land  of  Koch  (as),  of  Ghon  and  Sachs  (15),  and  of  von  HinuEa 
(30)  has  shifted  from  the  careful  work  of  older  days,  Grov  himself 
(14)  is  converted  to  the  new  theories,  and  but  a  few  constructive 
woricers  with  abundant  material  have  come  out  openly  to  combat 
them.  Chief  among  these  is  Zeissler  (51),  a  pupil  of  and  coworker 
with  Fraenkel  (6  ii),  who  has  always  maintained  that  gas 
gangrene  is  due  to  various  distinguishable  anaerobic  organisms. 
Pkf.iffkr  and  Bessai  1411  and  Gaehtgens  (13)  clearly  distinguish 
various  t\  pes.  Knrly  in  the  period  of  the  war  Zacherl  (50)  and 
KovES  (37)  I  good  descriptions  of  pure  cultures  of  the  vibrion 
septique  type  ot  organism. 

As  is  to  be  expec  ted,  nm.Neum  cultures  Irom  C  entral  l  Airopeare 
more  badly  mixcJ  than  any  others.  A  collection  of  ten  strains  of 
anaerobes  from  Kkal  s  in  Vienna  apparently  did  not  contain  a 
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single  i^cies  for  iriiich  the  cultures  were  named.  Unfortunately 
the  anaerobe  strains  of  some  of  our  own  institutions  are  but  little 
better. 

It  would  bo  difficult  for  the  systematist  employed  in  the  study 
of  higher  plants  whose  major  characters  are  well  understood,  whose 
mutations  are  today  being  scientifically  studied,  whose  formal 
structure  of  classification  was  laid  dov^  n  man>-  years  ago  and  has 
been  systematically  developed,  to  imagine  the  complexity  of  the 
problpm  confronting  one  desirous  of  bringing  order  into  the  chaos 
represented  not  only  by  this  war  literature,  but  ako  by  thirty 
years  of  anaerobic  literature  written  before  it  The  time  is  more 
than  ripe  for  some  organization  to  enable  new  students  to  set  to 
work  with  some  clearness  and  assurance,  an  organization  with  a 
synopsis  or  index  to  the  enormous  literature  that  the\'  must  consult. 
This  should  give  them  an  idea  of  the  multiplicity  of  the  species 
tlicy  will  encounter,  and  should  consider  the  biological  factors 
relating  to  morphology,  chemical  behavior,  and  mutation  as  they 
are  understood  today. 

Several  woxkeis  have  stated  that  anaerobic  badlli  do  not  mutate. 
This  is  their  natural  reaction  in  denying  the  existence  of  the  type 
of  mutation  tiiat  was  described  by  the  workers  with  impure  cultures. 
To  state  that  a  living  strain  does  not  mutate  would  be  to  claim  tliat 
it  lacks  one  of  the  best  recognised  attributes  of  living  matter. 
Obviously,  it  is  necessary  to  determine  where  the  mutations  of 
bacteria  lie,  and  what  range  of  possible  change  they  cover,  before 
one  am  tdl  what  chaiactert  are  stable  enough  to  be  used  for 
systematic  purposes.  The  enaymes  of  the  anaerobic  badlli  axe 
amoqg  the  most  highly  active  chemical  agents  known.  Some  of 
the  anaerobes  will  be  found  among  the  most  active  splitters  of 
carboliydrateSi  others  have  almost  unbelievable  proteolytic  powers. 
It  is  to  be  eipected  that  mutations  will  frequently  be  encountered 
in  highly  spedalized  organisms  of  this  sort,  and  that  these  mutations 
will  be  chemical  in  their  nature.  When  a  mutation  occurs  that 
enables  the  organism  to  render  assimilable  a  substance  that  its 
parent  was  unable  to  utilize,  the  mutant  is  readily  detected  because 
of  the  larger  colony  that  it  produces.  Likewise  a  bacilhi:!  that  loses 
a  metabolic  power  forms  smaller  colonies  than  its  parents.  Data 
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pertaimng  to  such  mutations  may  be  recoxded  phofeogmphicaUy 

(38)  ,  and  the  poBsibiUties  thus  afforded  for  the  study  of  bacterial 
mutations  in  certain  groups,  notably  in  that  of  the  tetanus  badUus 

(39)  ,  are  unlimited. 

The  Society  of  American  Bacteriologists  (3)  pvQfXMes  the  use  of 
the  botanical  rules  adopted  at  the  Vienna  Congress  (44)  in  1908 
for  the  purposes  of  bacterial  classification.  In  many  ways  the 
scheme  formulated  during  a  century  and  a  half  by  the  botanists  is 
excellent  for  the  purpose,  although  in  some  ways  we  are  not  ready 
for  it.  It  is  composed  of  stems  and  twigs  and  branches.  When 
we  pick  up  a  bacterial  jxroup,  we  do  not  know  whether  to  call  it 
a  stem  or  a  twig  or  a  branch,  for  the  leaves  have  mostly  grown  on 
trunks.  The  tendency  has  been  to  work  downward,  to  call  a 
supertu  in1lv  recognized  group  a  species  and  subdi\n*de  it  into  tvpcs, 
and  to  riunil)er  the  types.  Why  not  work  upward,  call  the  numbered 
types  s])ecies,  and  have  more  room  for  classification  ? 

Bacteriologists,  trained  in  pathological  hiiu^ratories,  have  per- 
haps laid  too  little  emphasis  on  the  necessity  of  obsersing  the  laws 
of  heredity  in  making  cla»sificutions.  It  seems  as  though  an  appli- 
cation of  these  laws,  with  the  same  scale  of  nomenclature  used  by 
the  classifiers  of  higher  plants,  might  well  be  applied  to  the  system* 
atic  arrangement  of  bacteria.  Thus  a  tetanus  stiain  of  a  pure 
biotype  may  give  rise  to  many  biotypes,  as  shown  by  colony  fbrma- 
tion.  These  derivative  types  are  all  typical  tetanus  bacilli.  They 
represent  elenientar>'  species,  and  are  too  many  to  catalogue,  being 
of  interest  only  to  the  student  of  heredity.  Tliey  are  no  m«re 
deserving  of  specific  names  than  are  the  commonly  observed  snuiU 
mutations  of  higher  plants  and  animals,  and  if  named  would  require 
a  trinomial  nomendature.  There  are  some  definite  protein  sub- 
stances, however,  differing  radically  in  various  tetanus  bacilli, 
that  probably  are  not  subject  to  active  mutation  and  axe  dtmaof 
strable  by  an  immune  reaction,  ai^ulutination.  Four  groups  of 
tetanus  bacilli  have  thus  been  distinguished  by  Tin  LOCB  (45,  46), 
and  four  groups  of  \-ibrion  septique  baciUi  by  Robertson  (42). 
In  the  colon-typhoid  groii]>  this  reaction  has  long  been  ooosidered 
specific,  why  not  in  thctie  ?  To  be  sure,  the  details  of  the  reaction 
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in  these  groups  requice  more  study,  and  other  and  better  ^ys 
may  be  lound  to  divide  them.  The  following  general  rules  will 
probably  be  found  convenieat  for  dassifying  bacteria. 

BiOTSFB. — Strains  that  differ  from  each  other  in  chaiacteis  that 
are  readily  subject  to  mutation,  and  that  breed  true,  may  be  tenned 
biotypes.  The  word  subspecies  has  so  bug  been  used  in  the  higher 
groups  with  a  geographical  connotation  that  it  will  not  be  well  to 
use  it  for  subdivisions  of  bacterial  species.  The  term  type  may 
then  well  be  left  as  an  independent  unit  of  our  vocabularies  for 
non^spedhc  use. 

Species. — Strains  that  behave  alike  in  those  charactm  that 
within  their  genus  have  not  been  found  to  mutate  readily,  may  be 
grouped  as  species.  The  occasional  derivation  of  one  species  from 
another  is  no  more  to  be  considered  impossible  than  it  is  in 
higher  groups.  Bacteriologists  have  too  long  considered  the 
species  conception  in  higher  groups  a-  one  of  fixed  immutable 
orms,  which  it  is  not .  The  ret  ombination  ellec  u  rioted  by  De  Vries 
(47),  in  which  he  <howed  the  independent  origin  of  three  well  delined 
types  iOcnolkera  nanella,  O.  cliptka,  and  O.  lata)  from  two  others  of 
quite  widely  divergent  character  (O.  Lamarckiana  and  ().  laevifolia) 
apparently  cannot  occur  among  bacteria.  These  recombination 
effects  allowed  the  sudden  appearance  of  groups  of  mutations  that 
had  occurred  previously.  Among  bacteria,  however,  because  of 
the  rapidity  with  which  vast  numbei^  may  be  bred  and  the  energy 
nith  which  sdection  acts,  several  chaiacteis  may  be  changed  neariy 
sinaltaneQittly,  and  similar  effects  to  those  noted  by  Db  Vxibs  may 
occasionally  be  observed,  namdy,  the  appearance  of  a  number  of 
.new  characters  withm  a  ^ort  space  oi  time.  On  analogy,  it  would 
be  perfectly  reasonable  to  describe  the  strains  that  result  from 
vaiious  ciittiges  as  separate  species.  It  is  quibbling  to  define  the 
word  "species''  so  closely  that  no  elasticity  should  be  allowed  m 
its  i^iplication.  Our  knowledge  is  too  meager  and  the  possibilities 
too  great  to  restrict  closely  the  meanings  of  tazonomic  words. 
Changes  that  may  be  considered  specific  may  be  discovered  or 
perhaps  even  brought  about  by  treatment  of  bacteria  that  is  more 
radical  than  anything  tried  with  plants,  and  there  is  no  reason  why 
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a  bacteriologist  who  finds  a  new  type  that  has  originated  in  his  own 
hands  should  not  dignify  it  by  the  name  of  qiedes,  if  he  can  show 
that  such  a  change  affects  several  characters. 

Genus. — Organisms  that  show  the  same  general  reactions  on 
ordinary  meclia  and  have  the  same  general  morphological  habit  may 
be  grouped  in  genera.  Such  a  scheme  will  compel  the  classilication 
of  most  of  the  old  and  well  reco^ized  anaerobic  species  as  genera, 
although  it  will  unite  some,  such  as  Novy's  bacillus  and  B.  aede- 
maiiens,  and  vibrion  septique  and  the  whale  septicaemia  bacillus 
into  genera.  It  gives  to  the  words  speriev  and  j^enus  appro.ximately 
the  same  rank,  in  relation  to  mutationa  1  \  >< »  -il  ilities.  as  the\  posses^ 
among  the  higher  forms.  A  vibrion  ^Ll>tilillr  strain  can  no  more 
mutate  to  a  sporogenes  habit  than  can  a  piue  tree  riiiit.iU!  to  an 
oak,  but  it  can  mutate  in  small  detailed  characters  thai  iria\  Ik-  of 
interest,  and  there  are  vibrion  septique  strains  that  diller  Ln  more 
fixed  chancters  and  that  should  be  given  specific  differentiation. 

A  detailed  plan  (27)  following  these  lines  has  already  been 
presented.  It  is  intended  as  a  preliminary  dassiiication.  Twenty- 
seven  anaerobic  genera  have  been  defined,  many  more  will  have  to 
be  admitted  in  time,  especially  in  the  proteolytic  group,  and  when 
large  collections  have  been  studied  many  emendations  will  have  to 
be  made.  An  oiganiaation  (36)  of  these  genera  has  been  prepared, 
employing  chemical  criteiia  only;  morphological  criteria  are  found 
entirely  inadequate  for  purposes  of  classification  in  this  group* 
It  has  been  thought  premature  to  group  the  genera  into  tribei. 
Two  subfamilies  include  all  the  anaerobic  rods  described  in  the 
genera. 

Subfamily  I.  Clostridioidcae.—  Clostridiaceae  that  on  meat, 
medium  produce  after  twenty  days'  incubation  under  oil  at  ^7** 

a  reaction  of  Pb  7.0  or  a  more  acid  reaction,  the  culture  having 
been  boiled  after  incubation.  Type  genus  RnoHiUus^  the  vibrion 
septique  typv  a<  rlr>rribed  by  Heller  (25). 

Subfamil)  II  Putrificoidcac.  Cln-ctridiaceae  that  on  meat 
medium  produre  .iiter  twcnt\  liay^'  imubation  at  under  oil  a 
rtaclion  ot  !'«  7.1  or  a  more  alkaline  reaction,  the  ciillurc  having 
been  boiled  after  iniubaiion.  Tvpr  i^t-nus  \frkhniko\  iUus.  the 
sporogenes  type  as  dclmed  in  the  dcscnption  ol  BuciUus  sporogenes. 
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described  by  the  Medical  Research  Committee  (3)  under  the  name 
of  MetchnikoS's  type  A.  These  subfamilies  are  united  into  the 
following  family:  • 

Clostiidiaceae.— Eubacteiiales  that  are  rodlike,  not  spiral,  that 
will  not  glow  within  7mm.  of  the  surface  of  a  shaft  of  clear  tissue- 
free  agar  medium  contained  in  a  tube  12  mm.  or  more  in  diameter, 
incubated  in  air,  in  which  they  are  able  to  grow  in  the  depths.  They 
may  or  may  not  possess  peritrichial  flagelia;  they  may  or  may  not 
form  endospores.  Most  members  of  the  group  are  characterized  by 
their  energetic  catalytic  action  on  protdns  or  on  carbohydrates  or 
on  both  of  these  types  of  substances. 

Uxnrsisiiy  or  CAUvounA  Mbmcal  Scbooi. 
San  FkANCisoo^  Cal. 
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Forest  get^Mghf  of  New  Jeisey.'HutfSR  subtfividcft  New  Jersey  into 

nine  forest  rcjrion?,  mo«;t  of  which  form  approximately  parallel  belts  Iraversinp 
the  state  from  aoriheast  to  ^utbwest.'  Each  of  these  is  discussed  m  turn  and 
tlie  chazacteristic  species  noted.  The  most  ^undant  tree  in  the  state  is 
Fmus  HgidOj  but  the  moBl  widety  dirtrflniled  tree  pakMif  it  Qtimm  «Aa, 
which  occurs  in  «0  of  die  nine  ionnt  ivfioOB;  Acer  rubrnm  is  not  far  behind 
Quercus  alh]  m  thh  rrspcrt.  Evergreen  species  probftbly  make  up  about  40 
per  cent  ol  the  forests  of  the  state. — ^H.  C.  Cowlks. 

Random  assortment  in  inheritance  ol  distinguishable  homologous  chromo* 
somes. — Mi??  Carotheks,'  from  her  work  on  Orthoptera,  has  already  reported 
the  occurrence  of  homologous  chromosomes  which  could  be  identified  one 
from  die  other  by  a  stae  d^Eeienoe.  Purdicimoie,  since  the  form  of  a  gtvu 
homologue  is  constant  for  the  individual,  she  has  been  able  to  demonstrate, 
from  a  study  of  a  number  of  individuals  of  the  popwlatidn,  that  these  hetero- 
morphic  hoinologous  chromosomes  (  3  pair?)  ha.\rf  a  random  segregation  in  rela- 
tion to  each  other  and  to  the  sex  chromosome.  In  the  present  paper,  she 
actuoUy  follows  these  chroniuM>iues  Irum  parent  lu  otlhpriag,  making  a  c>'to- 
logical  examinatiAi  of  the  parents  after  dief  have  been  allowed  to  re|woduce, 
and  hter  an  examination  of  the  resulting  progeny.  Sue,  shape,  and  point  of 
attachment  of  spindle  fibers  all  seem  to  be  pnu  tir.illy  constant  heritaV)le  char- 
acfers,  hy  which  the  a\ithor  identifier  the  individual  chromosome,  and  shows 
that  their  recombinaiion  in  the  progeny  is  according  to  tiie  laws  of  chance. 
In  the  author's  matexial  one  can  say  hi  regard  to  die  chrouMomcs  which 
enter  the  gametes,  just  as  certainty  as  of  a  pur  of  contraating  unit  diameters 
which  segregate  in  tin-  F  generation,  that  thb  one  ivas  contrihutcd  by  the 
fatlu  r  .iiid  (hnt  uiu'  Uy  tlir  ir.other.  This  amount?;  to  a  direct  dt-monst ration 
ol  those  assumptions  as  to  lite  behavior  oi  the  chromosomes  in  inheritance 
which  have  been  necessary  to  account  for  the  workings  of  Mendel's  law.  It  is 
hoped  that  eventually  such  structural  vaiiatioiis  of  the  chramosomes  will  be 
correlated  with  the  resulting  somatic  charsetecs  of  the  hidividual.~-M.  C. 

COULTBR. 

<  Haktmk,  R.  yi.t  \  sketch  of  the  forest  geography  of  Xew  Jersey.  BulL  Geog. 
Soc.  Philadelphia  16:107-135.  pis.  3.  191ft. 

•CASoniKKs.  K.  Ki.KANOR,  Gcnctical  behavi  >i  <>i  hetnouDipIik  homologous 
chininoMmea  of  Cinotetti*  COrthoptera).  Jour.  Moiph.  m:457~473* 
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SULPHUR  AS  A  FACTOR  IN  SOIL  FERTILITY 

CONIXIBUTIONS  PROM  THE  HULL  BOTANICAL  LABOBATORY  %%% 

JOBH  WOODAKD 

Intfodisctioii 

Although  sulphur  was  recognized  cis  tin  csscn  Lial  element  in 
plant  nutrition  as  early  as  the  middle  of  the  nineteenth  century, 
the  uae  of  sulphur  and  su^ur  compounds  as  fertilizers  has  never 
become  generaL  Analyses  for  sulphur  m  soils  have  generally  been 
low,  yet  when  compared  with  the  sulphur  In  the  aah'of  plants,  the 
amount  present  in  the  soil  seemed  sufficient  for  all  the  needs  of  the  ' 
crop.  The  use  of  gypsum  as  a  fertiliser,  however,  was  quite  ezten- 
stve  for  a  time,  following  the  discovery  of  its  beneficial  effect  on 
plants.  Bbownx  (13)  credits  this,  discovery  to  a  clergyman  in 
Germany  in  1768.  From  there  it  spread  to  France  and  Great 
Britain,  and  was  brou^t  to  the  United  States  by  BENjAimf 
FRAioaJN,  who  used  it  on  his  farm  near  Philadelphia.  For  a  time 
gypsum  was  extensively  used  as  a  fertilizer  both  in  £urope  and  the 
United  Stat^  and  gave  remarkable  results.  GfiimiHS  (25)  reports 
experiments  by  Schubert  in  Germany,  and  Crocker  (15)  refers 
to  the  experiments  of  Judge  Peters,  John  Bikns.  and  Edmund 
RuTFiN  in  the  United  States.  All  these  men  obtained  remarkable 
results  with  gypsum  on  legumes. 

The  use  of  gypsum  alone,  however,  soon  f:n'!ffl  ♦fi  increase  crop 
yields,  and  in\'est'gators  seeking  for  an  exjilanation  came  to  the 
conclusion  that  the  Lnpsum  acts  chemically  on  the  phosphorus  or 
potassium  compounds  in  the  soil  and  liberates  either  phosphorus  or 
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potassium  or  both.  This  view  is  presented  by  Grfffiths  (25), 
VooKHEEs  ^72),  and  Hopkins  (32).  Browne  (13)  and  Bruckner 
(14)  consuier  ihe  beneficial  effect  of  gypsum  due,  in  part  at  least, 
to  the  nutrient  etTecl  of  the  sulphur;  while  Vendelmans  (70)  and 
HiLGARi)  (31)  nieiuion  its  beneficial  effects,  particularly  on  the 
legumes,  without  giving  an}  cxplaaution. 

Ill  iuosl  fertilizer  experiments  sulphur  has  been  added,  together 
with  phosphorus,  in  add  phosphate  or  basic  slag,  or  with  the 
potassium  in  potassium  sulphate  or  kainit.  When  benehciai  results 
Bave  been  obtained,  the  investigiators  have  Invaiiably  ignored  the 
possible  effects  of  the  sulphur.  This  may  lead  to  erroneous  con- 
clusions, as  was  pointed  out  by  Libbig  (37)  in  1855.  He  said 
that  the  sulphur  or  the  caldum  in  the  add  phosphate,  or  both, 
might  have  had  a  beneficial  effect  on  the  turnips  in  the  Rothamsted 
experiments,  as  well  as  the  phosphorus. 

Hopkins,  Mosies,  Pettit,  and  Rsadhimer  (33)  found  that 
kainit  increased  the  yields  of  corn,  wheat,  and  oats  on  the  waste 
hill  land  of  Johnson  County,  Ulinob,  when  used  with  bonemeal, 
ground  limestone,  and  crop  residues,  over  similarly  treated  plots 
without  kaim't.  On  the  plots  receiving  no  kainit,  as  well  as  on 
those  receiving  the  kainit,  cowpeas  were  grown  once  every  three 
years  and  turned  under  as  part  of  the  crop  residues.  Stewart 
(66)  compared  potassium  chloride  and  potassium  sulphate  as 
fertiUzers  for  apple  orchards  in  Pennsylvania.  He  found  no 
appreciable  difference  in  the  effect  of  these  suits.  Smith  (65) 
found  a  j^reater  \ne!d  of  oat  straw  for  |)otassium  sulphate  than 
potassium  chloride  in  ])ot>  containinir  IIai;erslovva  hilt  loam. 

Brooks  (8)  (.oinj^arcd  the  effects  of  jxitassium  sulphate  and 
potassium  chloride  on  alfalfa  in  field  expcriim  iits  at  the  Massachu- 
setts Agricuitural  ExperiiiKut  Station.  Hoth  plots  received  600 
j)ounds  of  bonemeal  per  anmini,  and  both  ree.'ivi-d  2  tons  j^er 
acre  of  hydrated  lime  before  planting  the  allallu.  Jioth  Cirimm 
alfalfa  and  common  alfalfa  were  used.  Potassium  sulphate  {;avc 
increased  yields  of  0.50  tons  of  Grimm  alfalfa  and  0.75  tons  of  com- 
mon alfalfa  over  potassium  chloride.  In  every  case  the  alfalfa  on  the 
plots  receiving  potassium  sulphate  was  a  darker  green  than  on  the 
plots  receiving  potassium  chloride.  The  same  difference  In  color 


Digitized  by  Google 


WOODARDSOIL  FERTIUTY 


83 


was  reported  for  the  same  treatment  on  other  crops.  Brooks  (9) 
also  made  a  comfmrison  of  different  phosphate  fertilizers.  He 
found  that  acid  phosphate  and  dissolved  bonebladi,  which  contam 
sulphur,  ga\  e  greater  increases  in  crop  yields  than  raw  bonemeal 
and  rock  phosphate,  which  contain  little  or  no  sulphur.  A  more 
rapid  early  ?:rowth  of  both  tops  and  roots  and  earlier  maturity 
were  observed  on  the  plots  receiving  the  rlissolvcd  boneblack  and 
acid  phosphate  than  on  the  plots  receiving  raw  bonemeal  and  rock 
phosphate. 

The  use  of  flowers  of  sulj)hur  as  a  ferfluer  was  observed  to 
have  an  influence  aside  from  its  effect  in  destroying  the  fungi  which 
cause  plant  diseases.  Marks  (50)  noticed  a  much  greater  vigor 
in  vines  that  had  been  sulphured  than  in  those  which  had  not. 
He  found  that  the  sulphur  was  oxidized  to  sulphuric  acid  in  the 
soil,  and  he  thought  that  the  sulphuric  acid  acted  on  the  insoluble 
compounds  containing  potassium  and  made  the  potassium  soluble. 
Demolon  (16)  found  that  heating  the  soil  prevented  the  oxida- 
tion, and  so  he  concluded  that  oxidaticm  was  caused  by  micro* 
organisms.  Pfeivfbr  and  Blamck  (56)  obtained  no.  Increased 
yields  of  oats  for  the  use  of  flowers  of  sulphur  in  field  experiments. 
FfenjiZBN  (21)  in  £urq>e,  and  Seerbaxoff  (64)  In  the  United 
States  both  obtained  increased  yields  of  potatoes  from  the  use  of 
flowers  of  sulphur. 

BouiLAMGEK  and  DvGASDiN  (3)  found  flowers  of  sulphur  in- 
creased ammonification  but  decreased  nitrification.  The  harmful 
effect  on  the  nitrifying  bacteria  was  probably  due  to  the  addity^ 
as  Lint  (38)  found  that  the  ondatton  of  sulphur  in  the  sofl  in- 
creased the  acidity  very  much.  Fred  and  Hart  (33)  report  an 
increase  in  ammonification  from  the  use  of  gypsum  in  peptone  so- 
lutions, and  Wasingto.v  (73)  obtained  an  increase  in  nitrification 
when  gypsum  was  applied  to  solutions  of  urea.  Greaves,  Carter, 
and  GOLDTHORPE  (24)  studied  the  influence  of  calcium  sulphate 
on  production  of  nitrates  and  found  it  caused  a  great  increase  in 
all  concentrations  used.  The  increase  was  very  high  for  the  hi^^er 
concentrations  of  calcium  sulphate. 

Hrioux  ami  (iui.RUKT  (7)  found  that  tlowers  of  sulphur 
increased  availability  of  calcium  and  potassium  in  both  calcareous 
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and  noncalcareous  soils,  but  had  no  effect  on  pliosphonis.  Lip> 
MAN  and  McX-EAN  (4a)  found  that  composting  rock  phosphate 
with  sulphur  increased  the  solubility  of  phosphorus.  McLean 
(48)  found  an  increase  of  ■solubility  of  phosphorus  in  the  sulphur- 
rock  phosphate  compost  when  compost  was  inoculated  The 
presence  of  soluble  phosphates  and  sulphates  did  not  inhibit  the 
action.  Ltpmak.  McLean,  and  Ltxt  (43)  found  a  great  increase  in 
acidity  in  the  sulphur-lloata  mixture.  Lipman  and  Joffe  (41) 
found  no  increased  availability  in  phosphorus  when  acidity  was 
increased  by  the  addition  of  sulphuric  acid.  Elleit  and  Harris 
(20)  found  greater  availability  of  phosphorus  in  a  manure-soil- 
floats-sulphur  compost  than  in  a  soil-floats-sulphur  compost. 
Ames  and  RicmiOND  {2)  found  no  increased  availability  of 
phosphorus  in  a  compost  to  which  calcium  carbonate  had  been 
added.  Add  conditions  are  necessary  for  the  solution  of  the 
phosphorus.  Bbown  and  GwiHM  (zo)  found  an  increased  solu- 
bility of  phosphorus  in  soil  treated  with  sulphur  as  well  as  in  com- 
posts. B&OWN  and  Warmer  (12)  found  no  incveased  solublHtjr 
of  phoq>horus  in  a  manure-floats  compost,  but  a  great  increase 
when  flowers  of  sulphur  were  added  to  the  compost 

The  use  of  gypsum  as  a  preservative  of  the  nitrogen  in  manure 
has  been  investigated  by  Heinrich  (30),  Vivien  (71),  Nolib  (53), 
and  by  Ames  and  Kicbmond  (i).  All  these  investigators  report 
a  saving  of  nitrogai  from  the  use  of  gypsum  on  the  manure. 

Investigations  on  the  effect  of  flowers  of  sulphur  on  the  avail- 
ability of  potassium  in  greensands  were  conducted  by  McCau. 
and  SmiH  (45).  They  found  an  increase  in  the  availability  of 
potassium  in  composts  of  sulphur,  greensands^  and  manure,  but 
no  increase  in  availability  of  potassium  in  composts  of  sulphur, 
greensands,  and  soil. 

Reports  of  investigators  who  studied  the  influence  of  gypsum 
on  the  availability  of  potassium  do  not  agree.  McCool  and 
Millar  (46)  found  calcium  sulphate  applied  to  soil  lowered  the 
freezing  point  of  the  soil.  Xo  report  was  ii;iven  as  to  the  character 
ot  the  compounds  that  lowered  the  freezing  point.  Bradley  (4) 
found  an  inrrcnse  in  solubility  of  potassium  but  not  of  phosphorus 
in  Oregon  soils.   Briggs  and  Br£Z£AI£  (6)  found  a  decrease  in 
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solubility  of  potaasium  !n  CBfifoniia  sofls  when  gypsum  was  added, 
and  the  sduhility  of  potassium  decreased  as  the  amount  of  gypsum 
used  was  increased.  Brszealb  and  Bsiggs  (5)  grew  whott  in 
water  cultures,  using  extracts  from  orthodase  minerals  with  and 
without  gypsum.  The  gypsum  did  not  increase  the  avalhibility 
of  the  potassium  to  the  wheat.  Mokse  and  Cusky  (53)  treated 
feldqwrs  with  gypsum  for  ten  weeks  in  water,  filtered  off  the  solu- 
tion and  analyzed  for  potassium.  Only  slightly  more  potassium  was 
found  than  when  no  gypsum  was  used.  McMillax  (49)  treated 
five  different  soils  with  gypsum  for  three  months  and  aDaijmd  for 
soluble  potassium.  Gypsum  was  used  at  the  rate  of  ten  tons  p^ 
acre  and  resulted  in  an  increase  in  soluble  potassium  in  every  case. 
Tressler  (69)  found  an  increase  in  soluble  potassium  in  some  soils, 
but  no  increase  in  others  when  treated  with  g^'psum.  Lipman 
and  Gesicke  (39)  obtained  an  increase  of  available  potassium  in 
greenhouse  soil,  a  slight  increase  in  adobe  soil,  and  no  increase  in 
sand.  FRAPS  (2a)  grew  plants  in  pots  of  soil  treated  with  gypsum 
and  analyzed  the  plants  for  potassium.  He  found  no  increase  in 
potassium  in  plajits  grown  on  the  gypsum -treated  soil  above  that 
on  the  soil  without  gypsum.  He  reports  no  analyses  of  the  soils 
used,  however,  so  it  is  not  known  whether  these  soils  were  deficient 
in  potassium  or  not.  If  the  soil  has  sufficient  potassium  in  an 
available  form  to  supply  all  the  plants'  needs,  there  would  not 
lik.el>  be  any  increased  absorption  even  if  the  suii  treatment  dis- 
solved some  of  the  insoluble  potassium  compounds  in  the  soil. 
On  the  other  hand,  in  a  soil  deficient  in  potassium  uiui  sulphur, 
the  application  of  px-psum  or  any  other  fertilizer  containing  sulphur 
would  stimulate  the  growth  of  roots,  and  tlie  increased  size  of  the 
root  system  would  make  it  possible  for  the  plant  to  absorb  more 
potassium.  This  increased  absorption  would  take  place  regardless 
of  any  possible  effects  on  the  solubility  of  the  potassium  compounds 
in  the  soil. 

The  eiperiments  of  McMillak  (49),  Tbbsslbr  (69),  and 
LmcAN  (39)  indicate  a  greater  solubility  of  potassium  In  some 
soils  when  treated  with  gypsum,  but  other  soils  show  no  effect, 
whfle  Bsioos  and  Bkezealx  (6)  report  a  decrease  in  solubility 
when  gypsum  was  used.  It  seems,  therefore,  that  the  beneficial 
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effects  of  gypsum  can  hardly  be  ascribed  to  its  effect  on  the  solu- 
bility of  the  potassium  in  the  soO.  It  seems  more  likely  that  the 
soils  that  respond  to  the  use  of  gypsum  are  deficient  in  some  element 
that  is  supplied  by  the  gypsum. 

Recent  studies  of  methods  for  the  analysis  of  organic  material 
for  suiphur  have  shown  that  all  the  sulphur  is  not  recovered  in 
the  ash  when  organic  material  is  burned.  Hakt  and  Peterson 
(27,  28)  found  one  hundred  times  as  much  SO4  in  the  rice  grain  as 
in  the  ash  of  that  grain,  and  forty  times  as  much  in  the  corn  grain. 
Similar  results  were  obtained  with  other  grains,  but  the  ratios  were 
less  in  some  cases.  Onions,  potatoes,  crucifers,  and  legumes  use 
large  quantities  <A  sulphur.  Alfalfa  removes  twice  as  much  sulphur 
as  phosphorus  from  the  soil.  Peti:r<on  (55)  studied  the  sulphur 
compounds  in  plants  and  found  proteins,  volatile  compounds, 
mustard  oils,  and  sulphates.  In  ashing  the  plant  material  the 
sulphates  remain,  but  at  best  part  of  the  sul{)hur  in  other  com- 
pounds is  lost.  Most  soils  are  low  in  sulphur,  wliich  is  ])re>ent  in 
the  soil  in  the  form  of  sulphates  and  ori^anir  matter.  Sulphates 
are  all  soluble,  and.  like  nitrates,  they  are  not  adsorbed  to  any 
great  extent,  and  therefore  are  quickly  leached  out  of  the  soil  in 
the  humid  re;^M'ons.  The  orj^anic  sulphur  is  insolul)le  but  is  readily 
oxidized  lo  sulphates,  so  tJial  it  is  gra<iuall\"  being  lost  unle:>s  taken 
up  by  the  plant.  Lvov  and  Bizzell  (44  in  their  lysimeter  studies 
at  Cornell  found  that  the  loss  of  sulphur  in  the  drainage  from 
uncropped  lysimeters  was  as  great  as  the  loss  in  drainage  and  in 
the  crops  from  cropped  soil.  The  oxidation  of  organic  sulphur  to 
sulphates  seemed  to  continue  at  the  same  rate  in  cropped  and 
uncropped  soil,  and  that  not  taken  up  by  plants  was  lost  in  the 
drainage. 

Cultivation  stimulates  oxidation  and  consequently  the  loss  of 
sulphur.  SwANSON  and  Miller  (68)  report  a  loss  of  38.53  per 
cent  of  sulphur  from  the  surface  and  4r.56  per  cent  from  the  sub* 
soil  of  Kwsas  soils  due  to  cropping.  The  surface  soil  of  virgin 
land  had  0.044  per  cent  sulphur,  whUe  adjoining  cropped  land  had 
0.027  per  cent.  The  sulphur  content  of  the  subsoil  was  0.062  per 
cent  in  the  virgin  land  and  0.036  per  cent  in  the  cropped  land. 
On  the  other  hand,  phosphortis  was  practically  the  same  in  the 
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crapped  as  in  the  viigin  land  in  both  surface  and  subsoil.  The 
cultivated  soils  had  been  cropped  for  thirty  to  forty  years. 

Lyon  and  Bizzbll  (44)  found  an  increased  loss  of  sulphur  in 
the  drainage  when  burnt  lime  was  used,  while  MacIntise,  Wnxis, 
and  Hou>iNG  (47)  found  the  loss  greater  for  addom  carbonate 
than  for  calcium  oxide*  It  seems  the  carbonate  favors  bacterial 
action  much  more  than  the  oxide. 

Robinson  (sjh  te)  analyzed  a  large  number  of  soil  samples 
from  different  parts  of  the  United  States  for  sulphur  and  phos> 
phorus.  Most  of  them  were  low,  some  extremely  low,  in  both 
phosphorus  and  sulphur.  Many  of  ^le  samples  were  much  lower 
in  sulphur  than  pho^honis.  Brown  and  Kellogg  (xi)  analyzed 
samples  of  Iowa  soils  and  found  the  sulphur  content  varied  from 
71Q  to  038  p)ounds  per  acre  in  the  surface  soil,  wliile  the  phosphorus 
content  varied  from  1289  to  1538  pounds  j)er  acre.  Siiedd  (62) 
analyzed  samples  of  Kentucky  soils  antl  found  the  sulphur  content 
in  the  surface  soil  varied  from  213  to  to8o  pounds  per  acre  in  virj^^in 
soil,  and  from  180  to  560  pounds  per  acre  in  cultivated  soils.  The 
phosphorus  content  in  the  surface  soil  ranged  from  320  to  5860 
pounds  in  virgin  boil,  and  from  320  to  7240  pounds  in  cultivated  soil. 

Some  sulphur  is  i  rouiiht  down  from  the  air  in  rain  water. 
The  amount  is  probah!\  greater  during  periods  of  hea\\'  rainfall 
than  ulien  tlie  j)rtcipitation  is  sli^rht.  Xear  cities,  where  a  large 
amount  of  coal  is  burned,  the  aniuunL  is  probably  much  greater 
than  in  country  districts  far  from  cities  and  railroads.  The  data, 
however,  are  too  meager  to  form  any  definite  conclusions.  Hall 
(26)  reports  sulphur  analyses  of  rain  water  at  Rothamsted  from  1881 
to  1887  which  give  an  annual  average  of  seven  pounds  of  su^hur 
in  the  rain  water  per  acre  per  year.  Analyses  by  Hart  and  Peterson 
(37)  at  the  University  of  Wisconsin  for  part  of  a  year  led  them  to 
the  conclusion  that  the  amount  in  one  year  would  be  approximately 
the  same  as  found  at  Rothamsted.  Stewart  (67)  analysed  rain 
water  at  the  University  of  Illinob  and  obtained  as  a  seven>year 
average  45.1  pounds  of  sulphur  per  annum.  All  of  these  analyses 
are  of  rain  water  collected  near  cities.  The  water  in  the  rain 
gauges  is  likely  to  be  contaminated  by  dust  and  soot  and  by  the 
droppings  of  birds  which  roost  on  the  rain  gauges. 
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Iawes  and  Gubxrt  (36)  found,  in  their  fertflizer  ezperimoits 
with  red  clover,  that  "the  produce  was  considerably  increased  by 
the  application  of  gypsum,  and  still  more  so  by  that  of  the  sul- 
phates of  potash,  soda,  and  mag[nesia,  and  superpho^hate  of  lime." 
In  four  years  the  increased  yield  from  the  use  of  gypsum  was  3.5 
tons  of  dry  hay,  or  an  average  of  0.9  ton  per  acre  per  year. 

Hunt  (35),  at  the  Pennsylvania  Agricultural  Eiqieriment  Sta- 
tion,  used  gypsum  in  a  rotation  of  corn,  oats,  wheat,  and  hay 
(timothy  and  clover).  Gypsum  was  vp^tA  at  the  rate  of  390 
pounds  per  acre  per  rotation  in  two  applications,  160  pounds  to 
the  com  and  t6o  pounds  to  the  wheat.  No  other  fertilizers  were 
used,  and  no  increases  in  yields  were  obtained  from  the  use  of 
gypsum.  These  experiments  would  be  more  valuable  if  the  gypsum 
luul  been  applied  to  the  clover  and  other  fertilizers  had  been  used 
to  remove  the  possibility  of  another  Htnitfng  factor. 

MnxER  (51)  grew  clover  in  pots  containing  Or^n  soils. 
Applications  of  sulphur  were  made  in  the  form  of  flowers  of  sul- 
phur, sodium  sulphate,  and  gypsum.  Gypsum  and  sodium  sulphate 
gicve  increased  yields,  but  the  flowers  of  sulphur  had  little  effect. 

ScHREiNER  (61)  studied  the  effect  of  different  salts  on  oxida- 
tion in  soil  extracts  in  which  wheat  seedlings  were  grown.  He 
reports  increased  oxidation  from  the  use  of  calcium  sulphate, 
potasinum  sulphate,  and  sodium  sulphate. 

DYifOND-,  Hughes,  and  Jufe  (18)  compared  the  effect  of 
ammonium  sulphate  and  ammonium  chloride  on  cabbages  grown 
on  non*calcareous  soil.  Greater  yields  were  obtained  with  the 
ammonium  sulphate  than  with  the  ammonium  chloride.  In  their 
expcariments  with  dover  they  obtained  a  20  per  cent  increase  in 
hay  from  the  use  of  gj-psum.  In  pastures  they  observed  that 
legumes  predominated  where  sulphates  were  applied,  and  grasses 
where  no  sulphates  were  used.  Gypsum  increased  the  ^•ield^  oi 
red  clover,  maize,  and  vetch  in  sand  cultures,  and  of  \  etch  in  s<^>il 
culture's.  All  the  pots  received  applications  of  calcium  and  mag- 
nesium  carbonates. 

LiPMAN  and  GrKirKi:  (40)  compared  the  elTeels  of  dilTerent 
nitrogenous  fc^(iliAer^  on  I);ir!ry  grown  on  ( ),tk ley's  vitro  sand,  and 
foimd  the  grcatc'st  increase  with  ammonium  sulphate.  When 
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sulphur  containing  substances  were  added  to  the  non-sulphur 
containing  nitrogenous  fertilizers,  they  produced  yields  equal  to 
those  from  ammotihim  sulphate.  . 

Sbedd  (63)  grew  soy  beans,  oats,  a]£aUa»  and  wheat  in  pots 
ooDtaining  Kentucky  soils.  Eight  differait  soils  were  used,  and 
flowers  of  sulphur  added  at  the  rate  of  zoo  and  aoo  pounds  per 
acre.  Both  controls  and  sulphur  treated  pots  received  tricaldum 
phosphate,  potassium  nitrate^  and  caldum  carbonate.  There  were 
some  increases  but  also  some  decreases. 

Eaton  (19)  grew  sweet  com  in  pots  containing  sand.  He 
compared  the  effect  of  gypsum,  flowers  of  sulphur,  and  sodium 
sn^ihate.  The  controls  as  well  as  tiie  different  sulphur  treatments 
were  watered  with  a  nutrient  solution  which  contained  no  sulphur. 
Gypsum  increased  the  yield,  while  flowers  of  sulphur  and  sodium 
su^hate  gave  increases  for  the  smaller  applications  and  decreases 
for  the  larger  applications. 

DuLEY  (17)  reported  a  daxker  green  in  sweet  dover  and  com 
when  fertilized  with  gypsum  or  sulphur.  More  nodules  were  also 
produced  on  the  roots. 

PiTZ  (57)  grew  clover  in  agar-agar  containing  dipotassium 
phosphate  with  and  without  calcium  sulphate.  Greater  length  of 
roots  was  obtained  with  the  calcium  sulphate.  Clover  was  also 
grown  in  Miami  silt  loam  with  anr!  without  calcium  sulphate. 
The  calcium  sulphate  increased  the  root  length. 

Hart  and  Ton  ingham  (29)  found  a  decided  increase  in  develop- 
ment of  beans,  red  clover,  and  peas  when  fertilized  with  either 
calcium  sulphate  or  sodium  sulphate.  In  beans  and  peas  the 
increai>e  was  in  the  seed,  in  clover  it  was  in  the  hay  and  roots, 
.sulphates  increased  the  yieUls  of  both  toj^s  and  roots  in  radishes. 
The  yield  of  rape  tops  was  increase<l  by  both  calcium  and  sodium 
sulphates.  Barley  was  not  alTected  by  the  sulphates,  and  oats  to 
only  a  slight  extent. 

Olson  (54)  conducted  field  experiments  with  alfalfa  at  the 
Washington  Agricultural  Experiment  Station  and  obtained  in* 
creased  yields  from  the  use  of  add  phosphate  and  gypsum,  but 
not  from  other  fomis  of  phosphorus.  Two  hundred  pounds  of 
g>psum  per  acre  increased  the  yields  of  alfalfa  from  too  to  500 
per  cent* 
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Kexhfk  and  Tartak  (58)  condttcted  field  eiperiments  on  sev- 
etal  Oi^gon  soils.  Superphosphate,  flowers  of  sulphur,  rock  phos- 
phate, potassium  chloride,  potassium  sulphate,  iron  sulphate, 
gypsum,  monocaldum  phosphate,  sodium  nitrate,  ammonhun 
sulphate,  magnesium  sulphate,  sodium  sulphate,  iron  pyrites, 
quick  lime,  and  ground  limestone  were  used  as  fertilisars.  In 
ahnost  every  case  enormous  increases  in  yields  (from  two  to  ten 
times  as  much  as  the  checks)  were  obtained  for  all  the  fertilizers 
containing  sulphur,  and  no  increase  or  only  a  small  increase 
for  the  fertilisers  which  contained  no  sulphur.  Add  phosphate 
was  compared  with  gypsum  and  rock  phosphate  and  with  rock 
phosphate  and  flowers  of  sulphur.  The  yie  ld  on  the  plot  receiving 
rock  phosphate  and  gypsum  was  considerably  greater,  and  that 
from  the  plot  recdving  rock  phosphate  and  flowers  of  sulphur 
sUghtly  greater,  than  tlic  \  ield  from  the  acid  phosphate  treated 
plot.  Tlic  alfalfa  on  all  the  plots  receiving  sulphur  in  any  form 
was  a  darker  green  than  on  the  plots  which  received  no  sulphur. 

Chemical  analyses  of  soil  samples  from  these  e^ierimental 
fields  were  made.  The  sulphur  content  varied  from  0.0x5  ^ 
0.038  per  cent  in  the  surface  soil,  and  from  0.014  to  0.030  per  cent 
in  the  subsoil.  The  pho.sphorus  content  varied  from  0.048  to 
0.076  per  cent  in  the  surface,  and  from  0.06O  to  0.085  P^^  ^^^^  ^ 
the  subsoU.   AU  were  high  in  caldum,  magnesium,  and  potassium. 

Investigation 

The  analyses  made  by  Robinson  (sq,  60)  show  wide  variation 
in  the  sulphur  content  of  difTerent  ^;nil  t\pr>.  investigations, 
aiUiuugh  extensive,  have  included  onl\  a  pari  of  the  numerous  soil 
t>pes  found  in  llie  United  States,  so  thai  otiicr  soil  lype'^  should  be 
analyzed  to  dise*>\(r  ihtir  sulphur  as  well  as  their  phosphorus 
coiiletit.  It  is  nl-ii>  ne(r^-ary  to  loiKhiet  fieM  r\periment>  on  the 
difTermt  soils.  >i>  analyiital  data  al(tnr  arc  not  sulVicient  lA'ith'nce 
on  which  to  base  Ic-rLilizer  im.h  lice.  This  investiualion  includes 
soil  analyses  and  field  expvrinients.  .Soil  samples  from  Inrliana, 
Kcnturky,  Michigan,  Ohio,  and  \\  i\ionsin  were  analyzed  for 
phosphorus,  sulphur,  and  volatile  matter  (loss  on  ignition),  i'ieid 
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experiments  were  conducted  in  Indiana  and  Kentucky  on  the  fields 
from  which  the  soil  samples  were  taken. 

Soil  analysis 

Methods  of  saicpling. — ^The  soil  samples  from  Michigan  and 
Ohio  (nos.  1-9}  were  taken  by  Dr.  William  Cxocker  and  those 
from  Wa/cxnoMD.  (nos.  lo-ii)  by  Mr.  £.  H.  Hall.  The  samples 
were  taken  in  the  usual  way  by  means  of  a  soil  auger.  The  samples 
frcMn  Indiana  and  KoitudLy  were  taken  when  the  soil  was  very 
wet,  and  as  only  the  surface  soil  was  sampled,  it  was  believed  that 
more  accurate  sampling  could  be  done  by  using  a  spade  or  shovel. 
Some  soil  was  removed  to  a  depth  of  seven  inches,  leaving  one  side 
of  the  hole  vertical,  then  a  thin  slice  of  soil  was  cut  with  the  spade 
to  the  lull  depth  of  seven  inches.  A  narrow  strip  of  this  extending 
from  top  to  bottom  was  removed  for  the  sample.  Three  or  four 
such  «^amplc>  from  dilYerent  parts  ol  the  lield  were  taken  and  mixed 
to  form  a  composite  sample.  The  samples  from  Indiana  were 
taken  by  John  Wood aku.  exrejit  no.  18,  which  was  taken  by  Mr. 
V.  G.  Mann,  and  those  from  Kentucky  by  John  Woodard,  except 
nos.  32-34,  which  were  taken  by  Mr.  J.  C.  Gentry.  All  the  soil 
samples  were  air  dried,  sifted  through  a  2  mm.  sieve,  and  thoroughly 
mixed. 

Analytical  methods. — Pho-.i)h()rus  was  determined  accordint^ 
to  the  ofticial  magnesium  nitrate  method  ol  the  Otlldal  Agricultural 
Chcniibts.  A  blank  determination  was  run  to  determine  the 
possible  presence  of  phosphorus  in  the  chemicals,  but  no  phos- 
phorus was  found. 

Sulphur  was  determined  by  a  modification  of  the  methods  of 
Shedd  and  of  Brown  and  Kellogg.  In  preliminary  work  it  was 
found  that  higher  results  were  obtained  when  the  iron  and  aluminum 
were  removed.  In  soils  low  in  sulphur  the  barium  sulphate  pre- 
cipitated very  slowly,  so,  at  the  suggestion  of  Dr.  Frederick 
Koch,'  10  cc.  of  approximately  N/io  H1SO4  was  added  immedi- 
ately before  heating  the  solution  and  adding  the  barium  chloride. 
This  sulphuric  add  was  measured  in  a  burette,  and  exactly  the 

■  Unpdbltslied  «oik  of  Dr.  FkEDsncK  Koch. 
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same  quantity  of  the  same  add  was  added  to  the  bknk  detennina- 
tuui,  so  that  subtracting  the  blank  subtracted  the  sulphur  added 
in  the  sulphuric  add  as  well  as  that  present  in  the  reagents.  In 
every  case  the  lo  cc  was  measured  between  the  lo  and  20  marks 
on  the  burette.  Acoordmg  to  KocB»  barium  sulphate  does  not 
predpitate  readily  when  the  concentration  of  the  SO4  ion -Is  low. 
The  addition  of  the  sulphuric  add  is  then  necessary  to  bring  the 
oonoentratidn  of  the  SO4  ion  up  to  the  point  where  predpitation 
takes  place  readily.  The  method  as  finally  adopted  is  as  follows: 
The  equivalent  of  10  gm.  of  oven  dry  soil  was  weighed  into  a 
nickel  crudble,  moistened  with  a  few  drops  of  distilled  water,  and 
part  of  a  weighed  20  ;^m.  of  sodium  peroxide  stirred  in  a  little  at 
a  time  with  a  nickel  rod.  (It  the  moisture  was  just  ri^t,  reaction 
took  place  immediately  without  the  application  of  heat,  and  the 
charge  was  lairly  dry  by  the  time  most  of  the  sodium  peroxide  had 
been  stirred  in.  If  too  little  water  had  been  added,  it  was  neces* 
sary  to  heat  with  an  alcohol  lamp  to  start  the  reaction.  If  too 
much  water  was  added,  it  was  necessary  to  heat  with  the  alcohol 
lamp  to  bring  to  the  desired  degree  of  dryness  before  adding  the 
last  of  the  sodium  peroxide.)  After  the  charge  was  fairly  dry,  the 
rest  of  the  sodium  peroxide  was  placed  over  the  charge,  the  crudble 
covered,  and  heated  over  a  bunsen  burner,  raising  the  temperature 
gradually  to  a  fairly  high  temperature  which  was  maintained  ior  an 
hour.  After  cooling,  the  fused  mass  was  removed  with  hot  dis- 
tilled water  to  a  600  cc.  beaker,  neutrah'zed  with  concentrated 
HCl,  and  then  10  cc.  additional  concentrated  HCl  added.  The 
beaker  was  then  heated  for  five  or  six  hours  on  the  steam  bath  with 
occasional  stirring.  Tt  was  then  transferred  to  a  500  cc.  tlask, 
covered,  and  made  uj)  to  the  mark.  Tlie  solution  was  shaken 
frequently  for  s(;veral  hours  and  the  :?5occ.  tiltertxl  otY.  The 
250  cc.  of  filtrate  was  transferred  to  a  600  cc.  beaker,  heated  on 
the  steam  bath,  and  the  iron,  aluminium,  and  silica  pre<  if)itate(l 
with  ainnioniuni  liydro.xide.  allowed  lo  stand  a  few  nvinules,  and 
then  tillered  into  a  one  liter  l>eaker.  The  j)reci))itate  was  washed 
with  liot  distilled  water  until  the  lumbincd  liltratc  and  washings 
had  a  xolunie  of  appruximalel)'  600  cc.  I''\actly  lo  cc.  of  approx- 
imately \/  10  HjSO^  was  then  added,  healed  to  boiling,  and  10  cc. 
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of  hot  lo  per  cent  BaCI.  solution  added  a  drop  at  a  time  from  a 
pipette.  The  solution  was  boiled  for  ten  minutes,  placed  on  the 
steam  bath  for  two  or  three  hours,  and  then  removed  and  allowed 
to  stand  over  night.  The  barium  sulphate  precipitate  was  then 
filtered  off,  washed  with  cold  distilled  water,  transferred  to  a 
weighed  porcelain  crucible,  ignited  to  a  dull  red  in  a  muffle  furnace, 
cooled  in  a  desiccator,  and  weighed.  Blanks  were  determined 
using  the  same  reagents  and  adding  the  same  quality  of  the  same 
sulphuric  acid  that  was  used  in  the  determination. 

The  loss  on  ignition  was  determined  on  samples  which  had 
been  used  for  determining  moisture.  The  moisture  was  deter- 
mined by  heating  logm.  of  air  dry  soil  in  the  oven  for  five  or  six 
hours.  Part  of  the  samples  were  heated  to  lOo'  C.  in  an  ordinary 
oven  and  f)art  of  them  to  35'^  in  a  vacuum  oven.  After  weighing 
for  the  moisture  determination,  the  sample  was  placed  in  the 
muffle  furnace,  heated  to  a  dull  red  for  an  hour,  cooled  in  a  desic- 
cator, and  weighed.  The  loss  on  ignition  was  calculated  as  j>ercent- 
age  of  oven  dry  soil.  Table  I  gives  the  results  of  the  analytical 
work  on  all  the  soil.-^  analyzed.  Phosphorus,  sulphur,  and  volatile 
matter  (loss  oa  ignition)  are  reported  as  percentage  of  oven  dry 
soil. 

Sulphur  is  present  in  the  soil  either  in  the  form  of  sulphates  of 
calcium,  magnesium,  and  iron,  or  in  the  form  of  organic  matter. 
M  the  sulphates  are  quite  soluble  and  are  not  readily  adsorbed, 
so  that  they  are  leached  out  rapidly  and  only  small  amounts  are 
present  in  the  soil.  On  the  other  hand,  the  organic  sulphur  is 
insohible  and  remains  in  the  soil  until  oxidized  to  sulphates.  One 
would  e]q>ect,  therefore,  some  sort  of  relation  between  the  sulphur 
content  of  the  soil  and  the  volatile  matter  (loss  on  ignition),  which 
is  a  rough  method  of  detennining  the  oiganic  matter.  The  data 
in  table  I,  however,  indicate  only  a  general  rdation,  and  that  only 
when  samples  from  the  same  soil  type  or  closely  related  soil  types 
are  compared.  The  soil  samples  from  Wisconsin  are  from  the 
same  soil  type,  but  differ  in  amount  of  organic  matter.  There  is 
also  a  difference  in  content  of  sul])hur,  and  the  higher  sulphur  oon- 
toit  is  found  in  the  sample  with  the  higher  content  of  organic  mat- 
ter. This  is  true  for  both  surface  soil  and  subsoil.  The  Michigan 
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Location 

ol  voUlile 
matter 

Perec  ntajrc 
of  sulphur 

Percent  a^i 
of  phos- 
phorus 

Michi^n 

2 

076 

0.0158 

0.0360 

2 

341 

0  Ot  n7 

0  Otto 

Michigan 

2 

662 

0  -  02  I  f> 

0  010^ 

Michigan 

4 

qS8 

0 . 0486 

0  05 1 8 

Michigan 

4  481 

0 . 056 1 

Michigan 

2 

H63 

o.oiSj 

Michigui 

2 

$22 

e.oico 

0  0 1 24 

f  Xot 

Micfaijnui 

4  86> 

{ detcr- 
l  mined 

;  Not 

3.754 

0.0363 

-  dcter- 

Mi\  IiiLj.in 

[  mined 

4 

3" 

oo?  10 

0  0?lil 

Michigan 

3 

0 . 0468 

Michigan 

3 

O.OI7T 

0  o^o; 

Obk> 

3 

031 

0.02x2 

0 . 07S8 

Ohio 

2 

466 

0.0140 

0 . 04 1 1 

Ohio 

4 

642 

O.Ot?4 

0.077 1 

Ohio 

2 

0.010% 

0  0.12 1 

Ohio 

S 

J2i*S 

0.0281 

0  0582 

Ohio 

3 

14A 

00050 

0  0326 

<Mo 

14 

3^7 

0  090s 

0  0930 

Ohio 

5 

969 

0.0194 

0  0343 

\\  isconsin 

Q 

110 

0.0744 

Wisconsin 

6 

954 

0.0202 

0.0640 

Wisconsin 

6 

836 

0.0245 

0.0795 

Wiacondn 

4 

043 

0.0124 

0  0457 

Tniliana 

5 

758 

0  0 1 7  J 

0. 1054 

Indiana 

4 

721 

0.0105 

0.0628 

Indiana 

4 

075 

0.01 18 

0.04 00 

Indiiim 

4 

809 

O.OICC 

0.0366 

5 

U/9 

0,0233 

o.os6a 

Indiana 

4 

462 

0.0183 

0.0492 

4 

807 

0.01 ^? 

0  0378 

Kentucky 

7 

024 

0  02  ?8 

0. tB07 

4 

5^6 

0  0709 

ivt'ti  Luvk.  V 

7 

496 

0 . oi3  J 

0 . IO36 

Kentucky 

4 

884 

0.0122 

0 . 1 298 

Kentucky 

4 

3»8 

0.0206 

0.0768 

Kwatucky 

5 

S«7 

0.0264 

0  1377 

Krntu.  ky 

5 

466 

o.oj  50 

0  0977 

KcjUULky 

5 

229 

0 . 02  j(j 

Q. 1765 

Kentucky 

5 

327 

0  0153 

0.  1370 

Kentucky 

6 

021 

0.024s 

0.23SS 

Kentucky 

5 

088 

0.0235 

0.1500 

Kentucky 

6 

540 

0  Q\(>  1 

0  1779 

Kentucky 

4 

723 

0  0-5  s 

0    i  i  jO  7 

Kentucky 

5 

OS' 

0  17^7 

Kentucky 

5 

836 

0.0163 

0.1306 

Kentucky 

105 

0.0313 

0.3^ 

r  A. . . 

0-6 

I  B.  . 

7-«4 

I  C. 

15-24 

2A  . 

0-6 

2B... 

7-14 

3  A... 

0-6 

7-14 

4A. 

0-6 

4B... 

7-14 

5A  .. 

06 

SlJ ... 

7-»4 

15-24 

<»  A .  ,  . 

0-6 

6  H  .  . 

7—14 

V  \  .. 

0-6 

7  ii 

7- 

HA  .. 

M  U  .  , 

7- 

o.'V.  .. 

0-6 

9H 

7- 

10  A.  . 

0-6 

loB. . . 

7- 

n  A .  . . 

0-6 

II  U.  . . 

7~ 

I*  

o~6 

13. . > . 

0-6 

14. . .  ■ 

o~6 

»s  

0-6 

16. ... . 

17  

0-6 

18  

0-0 

»y  

0-6 

90. . . . 

0-6 

31... ■ 

0-6 

22  

0-6 

-il  

0-6 

^4  

0  6 

a5  

0-6 

26,, , . 

0  6 

27  

0"6 

2«  

0  6 

*v  

0  f) 

«"  

0  6 

tl  

0  0 

,fi  ... 

0  6 

H  ... 

0  6 

H  ... 

U  (i 

Soil 

•tr»ta 


Xamt  o(  fum  or  [ami  owner 


Wah-Bcc-Mec-Mee  farm 
W.th-Bee-Mee-Mce  farm 
W  ah-Bee-Mce-Mec  farm 
Wah-Bee-Mce-Mee  farm 
VVah-Bce-Mee-Mec  farm 
Wah'Bee-MeeMee  farm 
W«h-fi«e-Mce-Mee  £um 

Wth-B«e-Mee-Meelum 


Wab-Bee-Mec-Ueefaim 

\Va!i-T!.r-"M<  i-  farm 
W  ah-BeeMec-Mcc  farm 
Wah  -  Bee-  Meo-Mce  fiUIB 
Everett's  farm 
Everett's  farm 
.\mclill^•^  tarm 
.\moiii  9  iarm 
Jacoby's  farm 
Jacoby's  farm 
Jacoby's  farm 
Jacoby's  farm 
^\'ager's  farm 
Wager's  farm 
Wager's  fann 
Wager's  f*nn 
Rcss's  farm 
Carr's  farm 
Reich's  farm 
Bentley's  farm 

(cropped  soil) 
Mcntlt A  farm 

(  Virgin  r«jil) 
Barnett's  farm 
McCulIoch's  farm 
Adina  farm 
Adina  farm 
Adina  farm 
Adina  fam 
Adina  fann 
Marshall's  fann 
I  »(i\viiiii-"-  fann 
Downing  s  iarm 
Downing's  farm 
( ientry  and  Cuny'sfann 
Srolt  s  farm 
Sliarp's  farm 
Moore's  farm 
I-owKt!*  fann 
Watt's  farm 
Tuoniey's  farm 
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soil  samples  are  also  quite  similar  in  texture.  Here  again  we  find  a 
high  sulphur  content  with  a  high  organic  matter  content,  and  a 
low  sulphur  content  with  a  low  organic  matter  content.  When  we 
compare  different  soil  types  or  samples  from  the  same  t>'pe  but 
from  fields  which  have  been  cropped  differently,  however,  there  is 
little  evidence  of  any  relation.  Samples  7  B  and  9  B  have  approxi- 
mately the  same  sul[)1iur  content,  yet  the  volatile  matter  in  the 
latter  is  twice  that  in  the  former.  Both  these  samples  are  sub- 
soils from  Ohio,  and  were  taken  from  fields  that  were  not  far  apart, 
but  7  B  is  on  upland  silt  loam  while  9  B  is  a  murk  soil.  Again,  the 
cropped  soil  (no.  15)  and  the  virf:nn  soil  (no.  lO)  from  Rentlcy's 
farm,  Indiana,  iliOer  only  slightly  in  volatile  matter,  hut  ditTer 
widely  in  sulphur  content.  Gentry  and  C^urry's  soil  (no.  28)  has 
slightly  less  volatile  matter  than  Sharp's  soil  (no.  30),  but  con- 
siderably more  sulphur.  Sanijih?  ro  A  from  Wager's  farm  in  Wis- 
consin is  a  fine  sandy  loam  soil  with  very  little  clay  hut  a  larpc 
amount  of  organic  nuitter,  as  may  be  recognized  by  its  black  color, 
yet  it  contains  considerably  less  sulphur  than  sam{)le  2  A  from  the 
Wah-licc-Mec-Mec  farm  in  Michigan,  wliich  is  also  a  sandy  loam 
soil,  containing  considerable  coarse  sand  with  sufficient  organic 
matter  to  give  a  black  color. 

It  seems,  then,  that  frrnn  the  sulphur  standpoint,  as  wdl  as  the 
nitrogen  standpoint,  the  character  of  the  organic  matter  is  of  more 
importance  than  the  amount  Sulphur,  like  nitrogen,  is  mainly 
present  in  the  proteins,  so  that  a  small  amount  of  high  protein 
organic  matter,  such  as  one  would  obtain  by  plowing  under  leg- 
umes, would  be  more  valuable  than  a  larger  quantity  of  organic 
matter  from  wheat  or  oat  straw  or  cornstalks.  It  seems  probable 
also  that  the  proteins  are  more  readily  decomposed  than  the  non- 
protein organic  matter,  so  that  the  sulphur  and  nitrogen  would  be 
oiidited  more  rapidly  than  the  carbon,  and  the  sulphur  and  nitrogen 
content  might  become  quite  low  when  there  was  stiU  a  consider- 
able amount  of  carbonaceous  organic  matter  in  the  soU. 

In  all  the  samples  analyzed,  the  sulphur  content  was  less  than 
the  phosphorus  content.  One  of  the  samples  from  Ohio  which 
was  taken  in  a  low  wet  place  was  a  muck,  very  liigh  in  organic 
matter.  This  soil  had  nearly  as  much  sulphur  as  phosphorus  in 
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the  surface  soil  (no.  9  A),  but  the  subsoil  (no.  9 B)  bad  only  a  little 
more  than  half  as  much  sulphur  as  phosphorus.  The  difference 
'  between  the  sulphur  and  phosphorus  contents  in  one  of  the  Mich- 
igan soils  was  not  great.  The  surface  soil  (no.  2  A)  contained 
0.0486  per  cent  sulpluir  and  0.0518  per  cent  phosphorus,  while  the 
subsoil  (no.  2B)  contained  0.0405  per  cent  sulphur  and  0.0561  per 
cent  phosphorus.  All  the  other  samples  were  mudi  higher  in  phos* 
phorus  than  in  sulphur.  The  difference  was  very  great  in  one  of 
the  Indiana  soils,  which  had  over  six  times  as  much  phosphorus  as 
sulphur,  and  in  the  Kentucky  soils,  in  most  of  which  the  phospho- 
rus content  was  from  five  to  eleven  times  as  much  as  the  sulphur. 
In  two  of  the  Kentucky  soils  the  phosphorus  content  was  only  thr^ 
times  as  much  as  the  sulphur,  and  in  one  only  four  times  as  much. 

The  Michigan  soils,  sam})lc.s  15.  were  taken  on  the  Wah-Bee- 
Mee-Mec  farm  at  White  Pigeon,  Miciiigan.  Samples  i  and  5 
were  «;ample(l  to  three  depths  and  all  the  others  to  two  depths. 
These  soils  are  alluvial  sandy  loams,  varying  from  light  brown  to 
(lark  brown  on  the  surface  and  grading  into  a  yellow  sandy  subsoil 
containing  some  gravel.  The  light  colored  samples  contained 
more  sand  in  both  surface  and  sui)soil  and  were  lower  in  volatile 
matter,  sulphur,  and  phosphorus,  than  the  darker  colored  ones. 
All  were  low  in  both  sulphur  and  pii»»j)horus,  but  the  suli)hur  is 
lower  than  ]>iiosphorus  in  al!  the  samj)les.  With  the  cxce[)tion  of 
sample  i .  the  sulphur  was  always  lower  in  the  subsoil  than  in  the 
surface  suil. 

The  Ohio  soils,  sami)les  f>  o,  were  taken  near  Copley,  Ohio. 
Nos.  6,  7.  and  8  are  upland  mIi  Kxini^  ( ontaining  some  sand.  The 
surlaee  mU  is  a  yellow  brown  grading  into  a  uniformly  light  yellow 
subsoil,  which  indica,Lc5  good  undcrdrainagc  as  well  as  good  .-sur- 
face drainage.  These  soils  apparently  belong  to  the  tyi)e  mapped 
as  the  Wooster  silt  loam.  The  sulphur  content  was  low  in  both 
surface  and  subsoil,  while  the  phosphorus  content  ^as  fairly  good 
in  the  surface  but  low  in  the  subsoil.  In  every  sample  the  sub- 
soil was  lower  in  volatile  matter,  sulphur,  and  pho^horus  than  the 
corresponding  surface  soil. 

Sample  9  is  poorly  drained,  and  the  surface  soil  has  a  luge 
amount  of  organic  matter  with  some  silt,  sand,  and  a  little  cby« 
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The  subsoil  has  much  less  orgviic  matter,  but  the  proportion  of 
its  other  constituents  is  about  the  same  as  in  the  surface.  The 
surface  soil  is  very  Iiigh  in  volatile  matter,  su^hur,  and  phosphorus, 
while  the  subsoil  is  very  low  in  both  sulph\ur  and  phosphorus. 

The  Wisconsin  soils,  samples  lo  and  ii,  are  from  near  Beloit, 
Wisconsin.  They  are  fine  sandy  loams,  dark  brown  on  the  surface 
and  a  lighter  brown  in  the  subsoil.  In  both  samples  the  voktile 
matter,  sulphur,  and  phosphorus  are  higher  in  the  surface  soil  than 
in  the  subsoil.  The  sulphur  content  is  low  in  both  surface  soil 
and  subsoil  in  both  samples,  but  the  phosphorus  is  good  in  the 
surface  soil  of  both  samples,  fair  in  the  subsoil  of  sample  lo,  and 
poor  in  the  subsoil  of  sample  ii.  Both  sulphur  and  phosphorus 
arc  lower  in  the  subsoil  than  the  surface  soil  in  both  sanq>les. 

The  Indiana  soil  samples  (nos.  12-18)  were  taken  near  Charles- 
town,  Clark  County,  Indiana.  This  region  is  underlain  by  lime- 
stone rock,  but  the  rock  has  been  covered  by  a  thick  layer  of 
windblown  material,  from  which  most  of  the  soils  were  formed.  All 
the  soils  sampled  were  tonned  from  this  windblown  material  except 
no.  12.  which  was  taken  on  the  bluff  of  a  small  stream  where  there 
was  considerable  erosion.  It  seems  that  the  erosion  has  removed 
the  greater  part  of  the  witulljlown  material,  and  to  a  large  extent 
the  soil  is  formed  from  the  underlying  limestone.  This  is  ])ro])ably 
the  reason  why  this  samjjle  resembles  in  general  appearance  ajid  in 
chemical  composition  the  Kentucky  soiia  ralhcr  than  the  adjacent 
soils  from  tiie  windblown  material  or  loess.  Sample  12  has  a  light 
brown  silt  loam  surface  soil  grading  into  a  reddish  yellow  subsoil. 
Like  the  other  Indiana  soils,  the  volatile  matter  and  sulphur  are  low, 
but  the  phosphorus  is  high  like  most  of  the  Kentucky  soils. 

The  loessal  soils  include  two  types,  the  one  with  good  natural 
underdiainage  and  the  other  with  poor  drainage.  The  former, 
which  includes  samples  1 5-18,  b  a  yellow  gray  silt  loam  in  the  sur* 
face  soil  and  a  yellow  salt  loam  in  the  subsoil.  The  latter,  which 
includes  samplis  13  and  14,  has  a  gray  or  sli^tly  yellowish  gray 
silt  bam  surface  soil  underlain  by  a  gray  or  gray  and  yellow  mottled 
silt  loam  subsoil.  Both  are  poorly  drained,  but  sample  13  is  more 
nearly  level  and  has  more  gray  color  in  both  surface  and  subsoiL 
All  the  samples  from  both  types  are  low  In  volatile  matter,  sulphur, 
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and  pbosphorus.  Samples  15  and  16  were  taken  a  few  rods  i^art, 
the  former  from  a  field  which  had  been  m  alfalfa  for  several  years, 
and  the  latter  from  virgin  land.  Both  have  practically  the  same 
phosphorus  content,  but  the  sulphur  is  much  higher  in  the  virgm 
soil. 

An  the  soil  samples  from  Kentucky  (nos.  19-34)  are  residual 
limestone  soils,  but  no.  34  was  derived  from  the  Trenton  limestone, 
which  is  high  in  phosphorus,  while  the  others  are  all  from  the 
Cincinnati  limestone,  but  no.  28  was  taken  from  soB  derived 
from  Cincinnati  limestone,  but  it  was  only  a  short  distance  from 
thedxvision  line  between  the  Cincinnati  and  Trenton  formations,  and 
had  probably  received  some  material  from  the  Trenton  formation. 
Samples  19-27  are  from  Mason  County,  while  samples  28-34  are 
from  Mercer  County.  Samples  19  and  21  are  clay  kNims,  while  20 
and  22-27  silt  loams.  All  are  light  brown  to  grayish  brown  in 
cobr.  Sample  34  is  a  heavy  clay  loam,  sample  28  is  a  heavy  silt 
loom  or  light  clay  loam,  while  samples  29-33  are  silt  bams. 
Samples  31  and  33  are  quite  gray  in  color,  and  33  contains  iron 
concretions.  No.  31  is  known  locally  as  white  oak  land,  and  both 
are  recognized  as  puor  soils.  All  the  other  samples  are  light  brown 
except  no.  34,  which  is  a  grajrish  brown.  All  the  Kentucky  soils 
are  bw  in  volatile  matter  except  the  clay  loams,  in  which  part  of 
the  volatib  matter  is  probably  water  of  combinatbn*  All  are  low 
in  sulplmr,  no.  34  being  the  only  one  above  0.03  per  cent.  This 
sample  is  imm  the  Trenton  formation  and  contains  many  un- 
weathered  fragments  of  limestone.  It  is  possible  that  the  sul- 
phur content  as  well  as  the  phosphorus  content  of  the  Trenton 
limestone  may  be  higher  than  in  other  formations.  No.  34  con- 
tains o.  ^407  per  cent  of  i>ho<phorus,  wlik  li  is  eleven  lime?  as  great 
as  the  sulphur  content.  This  i>  mui  h  higher  than  any  of  the  others, 
but  all  the  others  arc  hiL^h  in  phosphorus. 

Relation  bkiwi  kx  A.Nroi'^NTs  of  sri.i'ni  R  and  phosphokhs 

REMOVED  BY  CROPS  A.ND  Sll  I'HL  R  AND  rilOSPHi  )Kirc;  CONTFVTS  UF 

SOILS. — A  l)i  tler  idea  of  the  >uj)i)ly  of  sul))hur  and  i)liosphorus  in 
the  soil  ean  he  obtained  if  the  pounds  per  acre  t)f  the.^e  elements 
found  in  the  >urfaei'  ^oil  i>  compared  with  the  amounts  remv)ved  by 
some  of  our  common  crops.    Table  II  gives  the  amounts  of  sulphur 
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and  phosphorus  removed  by  some  of  the  conmioii  cn^ps.  The 
yields  per  acre  and  the  amounts  of  phosphorus  removed  by  these 
yields  are  taken  from  Hopkins  and  Petiit's  (34)  table,  while 
the  amounts  of  sulphur  removed  are  computed  from  Hart  and 
Pbtesson's  ana^rses. 

As  pointed  out  by  Hopkins  and  Pbitit  (34),  these  yields  are 
exceptionally  large,  but  they  have  been  obtained  by  some  farmers, 
and  others  may  obtain  than  under  proper  systems  of  farming.  If, 
however,  smaller  yields  are  removed,  it  will  not  prevent  soil  deple- 
tion, but  wiU  only  dehiy  soil  ediaustion  if  the  dements  removed 


TABLE  n 
Pouiim  m  Acw  uoiovxd  by  VAur  ciofb 


Ckflv 

YiaxBia4Gui 

Sulphur 

100  bushels 

78 

17  0 

100  bu^Uicb 

58 

1 1 .0 

50  bushels 

51 

12.0 

3  ton* 

11.4 

9.0 

4  tons 

13.0 

ao.o 

8  tons 

46  .0 

36.0 

joo  bushels 

34.7 

13.0 

are  not  returned  in  some  form.  In  actual  practice,  tailure  to 
return  to  the  soil  the  elements  of  plant  food  which  are  removed  in 
the  crops  will  result  in  a  gradual  decrease  in  yields,  so  that  the 
amounts  of  plant  food  removed  wnll  p;radually  become  less.  It  is 
impossible  to  determine  the  time  when  complete  exhaustion  will 
take  place,  but  a  comparison  of  the  amounts  of  plant  food  removed 
by  large  crops  with  the  amounts  present  in  the  soil  will  emphasize 
the  importance  of  renewinj^  the  supply  in  the  soil  before  the  soil 
supply  is  redui  ed  below  that  necessary  for  satisfactory  crop  yields. 
Table  111  gives  the  pound:*  per  acre  of  sulphur  and  phosphorus  in 
the  surface  soils  analyzed  and  the  number  of  years'  supply  of  each 
for  several  common  laim  crops,  if  maximum  crops  are  removed, 
such  as  are  given  in  table  H. 

Table  HI  shows  that  aU  the  soils  are  too  bw  in  sulphur  to  grow 
alfalfa  for  40  years,  whUe  22  of  them  have  phosphorus  enough  to 
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grow  alfalfa  40  yean  or  longer,  provided,  o£  course,  none  of  these 
elements  is  added  In  any  way  and  none  removed  except  in  the  crops. 
Sairple  9A,  which  has  the  highest  sulphur  content,  has  su^ur 

TAin.i-.  in 


Pounds  per  acre  of  sulphur  asd  puospuokus  and  nuuber  of  years'  supply 
rem  vAsious  cion  if  KAximnc  ckofs  are  rimovkd 
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.  ._ 

SviMnt 
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— 

No.  of  yean'  aapi^  far 

"§  1::= 

No.  «t  ycMa*  ntn^  far 

Corn 

VVKeat 

Timo-  ^ 
thy 

1 

Alfalfa 

Cuf  Si 

Wheal 

Timo- 
thy 

Clover 
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I  A. .... 

316 



40 

t>2 

28 



T 

.....  

7 

720 

42 

60 

80 

3ft 

. 

971 

igi 

8S 

75 

21 

1036 

6[ 

86 

IIS 

52 

29 

Ja 

366 

47 

72 

30 

28 

8 

780 

46 

ft3 

83 

39 

22 

4  A. .... 

722 

142 

63 

5ft 

16 

638 

82 

I  2  N 

S6 

40 

14 

1028 

60 

86 

1 14 

SI 

29 

6  ..... 

464 

60 

QI 

41 

^6 

10 

157ft 

93 

131 

175 

79 

44 

7  A 

668 

86 

I  U 

60 

J 

14 

1542 

QI 

i2g 

171 

77 

43 

562 

72 

• 

1 10 

■J  *^ 

1 2 

1 164 

68 

97 

I  20 

58 

3^ 

^  ..... 

1810 

232 

355 

159 

13Q 

3Q 

187S 

1 10 

15ft 

2O0 

94 

s« 

10 A. . . . 

702 

00 

62 

I  c 

1488 

88 

I  24 

165 

74 

41 

n  A  

4QO 

63 

q6 

43 

38 

1 1 

1590 

94 

•33 

177 

80 

44 

12   

.?44 

44 

67 

30 

26 

7 

2108 

124 

176 

234 

>os 

59 

11  

330 

4? 

65 

2Q 

25 

7 

1256 

74 

los 

139 

ft3 

35 

14  

236 

30 

46 

21 

18 

5 

980 

58 

8a 

lOQ 

49 

37 

I  r 

310 

40 

61 

28 

24 

7 

«<3-' 

67 

94 

126 

57 

3» 

16  

466 

60 

9> 

4« 

3ft 

10 

1128 

66 

94 

125 

5ft 

31 

1 7   

3<)6 

47 

72 

32 

28 

8 

9K4 

S« 

82 
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49 

27 

18  

310 

40 

61 

28 

24 

7 

1156 

(.8 

96 

128 

58 

3* 

t9  

5i'> 

66 

lOI 

45 

40 

1 1 

3704 

223 

3«ft 

422 

IQO 

»05 

so  

464 

60 

o« 

4> 

3ft 

10 

'50^ 

94 

133 
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80 

44 
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34 

5« 

23 

20 

6 

3272 

192 
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3ft4 
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91 
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3« 

4S 

22 

ly 

5 
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72 
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53 
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32 

0 
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90 

ii& 
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77 

43 
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46 

4« 
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no 
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77 
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41 

64 

28 

24 

7 
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98 

54 
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61 
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4« 
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10 
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yS 
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30 

50 

27 

34 

1 
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«37 
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26 
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63 

43 
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^2 

4' 

3ft 

10 
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83 
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41 
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28 

25 

7 
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395 
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99 
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00 

44 

30 

1 1 
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1 68 
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64 

(J.S 

44 
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90 

33  
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4-' 

64 

20 

2> 

7 
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'54 

218 

2QO 

131 

73 

34  

(<2l, 

So 

I  J  2 

55 

4,S 

«4 

OH14 

401 

568 
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34' 

189 

t  noticrh  for  ?Q  years  of  allalia  and  phu^phorus  enough  for  52  years 
oi  ali.ilfa  ( one  other  soil,  no.  2  A,  had  cnoujrh  sulphur  for  20 
years  of  aUalia,  while  three  suiL»,  nos.  19,  28,  and  34,  have  enough 
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phosphorus  for  loo  or  more  years  of  alfalfa.  No.  34  has  phospboEus 
enouglvto  grow  alfalfa  189  years,  but  sulphur  enough  for  oniy.*;^:''. 
years.  The  phosphonis  coateat  (rf  no.  38  is  sufficient  to  grW 
alfalfa  for  131  years,  but  the  same  crop  would  deplete  the  sulphur 
in  II  years.  All  these  soils  have  sufficient  pho^horus  to  grow 
majdmum  yields  of  alfalfa  for  ao  years  or  longer,  while  all  but  two 
would  be  depleted  of  sulphur  in  less  than  so  years. 

Of  the  other  crops  mentioned^  com,  wheat,  and  clover  remove 
smaller  amounts  of  sidphur  than  phosphorus;  while  timothy,  like 
alfalfa,  removes  more  sulphur  than  phosphorus.  Timothy,  how> 
ever,  removes  only  about  one-fourth  as  much  sulphur,  and  one- 
fourth  as  much  phosphonis  as  alfalfa,  so  that  the  supply  of  each 
would  last  correspondingly  longer,  yet  soil  9  A  is  the  only  one  that 
carries  sufficient  sulphur  for  100  oops  of  timothy.  Soil  9 A  has 
sulphur  enough  to  grow  timothy  159  years,  clover  139  years,  com 
232  years,  and  wheat  355  years.  No.  34  has  phosphorus  enough 
for  401  com  crops,  56S  wheat  crops,  and  341  clover  crops;  yet  the 
sulphur  would  be  depleted  by  80  com  crops,  122  wheat  crops,  or 
48  clover  crops.  The  lowest  phosphorus  content  is  in  soil  i  A,  a 
sanfly  loam  soil,  which  has  720  pounds  of  phosphorus  in  the  surface 
7  inches  of  soil.  The  phosphorus  in  this  soil  would  be  depleted 
by  growing  com  42  years,  wheat  60  years,  timothy  80  years,  clover 
36  years,  or  alfalfa  20  years.  In  the  same  soil  the  sulphur  would 
be  removed  by  40  years  of  com,  62  of  wheat,  28  of  timothy,  24  of 
clover,  or  7  of  alfalfa. 

Table  III  shows  tiie  importance  of  both  sulphur  and  pho^phoms 
if  maximum  crops  of  legumes,  particularly  alfalfa,  are  to  be  i;ro\vn. 
It  also  show.-,  iliiil,  ill  most  soils,  sulphur  is  more  likely  to  be  defi- 
cient than  phosphoms.  It  does  not  take  into  account  the  leaching 
of  these  elements  from  the  soil,  which  is  practically  nil  in  the  case 
of  phosphorus  and  ver>'  high  in  the  case  of  sulphur;  nor  the  supply 
in  the  rain  water,  which  is  nil  in  the  case  of  phosphorus  and  may  be 
quite  hig^  in  the  case  of  sulphur  near  cities  in  the  humid  regions. 
Whether  the  amount  of  sulphur  lost  in  the  drainage  water  exceeds 
that  gained  in  the  rain  water  is  still  unknown.  It  is  certain  that 
the  amount  of  leaching  will  vary  with  the  character  of  the  sofl,  the 
rainfall,  and  the  character  of  the  plant  growth.  The  amount  oC 
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^y.lf4liur  ill  the  rain  water  will  \  ary  with  the  rainfall  and  the  near- 
.••nesS  to  cities  where  hirge  amounts  of  soft  coal  are  used.  It  is 
'possible  that,  in  some  places  under  certain  conditions,  the  amount 
of  sulphur  brought  down  in  the  rain  water  will  equal  or  exceed  that 
lost  in  the  drainage,  but  that  in  other  places  and  under  other  con- 
ditions the  loss  will  exceed  the  gain.  Field  experiments  are  needed 
to  see  wliether  the  {dants  will  lespond  to  sulphur  fertilization  under 
field  conditions.  Remarkable  responses  were  obtained  by  JinxiE 
Peters,  John  Binns,  and  Ediiund  Rutfxn  in  the  Eastern  United 
States  (CftOCXER,  15),  and  have  recently  been  obtained  on  the 
Pacific  Coast  by  Redizk  and  Tartar  (s8)  in  Oiegon,  and  by 
Olson  (54)  in  Washington.  To  secure  further  information  along 
this  line,  cooperative  ezpezunents  were  conducted  on  some  fanns 
in  TnHiftnft  and  Kentucky  from  which  some  of  the  samples  reported 
in  table  I  were  taken. 

Cooperative  field  experiments  with  gypsum 

The  fiekl  experiments  were  conducted  in  cooperation  with  the 
fann  owners.  The  faim  owners  were  to  apply  gypsum  and  report 
on  the  effect  on  yields,  if  any.  Some  of  the  fanners  failed  to  make 
any  report,  and  those  who  did  gave  no  w^hts,  so  that  the  results 
are  not  as  satisfactoiy  as  could  be  desired.  Results  reported  are 
as  follows. 

In  the  Indiana  ei^riments,  gypsum  was  applied  to  alfalfa,  red 
clover,  and  tobacco.  The  only  report  received  was  with  negard  to 
the  tobacco.  This  tobacco  field  was  on  the  farm  of  Mr.  Ross, 
southwest  of  Charlestown,  Indiana.  This  is  the  field  from  which 
sample  12  was  taken,  and,  as  shown  in  tables  I  and  lU,  is  low  in 
sulphur  and  lii^'h  in  phosphorus.  Mr.  Ross  reports  a  marked 
increase  in  yield  of  tobacco  from  the  use  of  gypsum  on  this  field, 
but  gives  no  quantitative  data. 

G>psum  was  applied  to  alfalfa,  red  clover,  sweet  clover,  and 
tobacco  in  Mason  County,  Kentucky.  The  crops  were  Injured  so 
badly  by  weather  conditions,  however,  that  no  results  were  obtained. 

In  Mercer  County,  Kentucky,  g>'psum  was  applied  to  tobacco, 
clover,  and  alfalfa.  ( )l  Hie  fanner^  responding,  Mr.  Sharp  reportctl 
no  increase  in  tobacco,  while  Mr.  Fowuui  reported  an  increase  in 
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the  second  clover  crop,  and  Mr.  Tuomey  an  Increase  in  alfiUfa. 
Neither  of  these  men  wei^ied  the  hay»  so  the  residts  are  not  quan^ 
titative.  Mr.  Sbasp^s  field,  from  ^diich  sample  30  was  taken,  is 
km  in  sulphur  and  hi^  in  phosphorus,  but  it  showed  evidences  of 
being  fanned  haid,  and  was  evidently  low  in  nitrogen,  which  was 
probably  the  luniting  element  for  a  non-leguminous  crop  like 
tobacco.  Mr.  Fowler's  soil,  no.  32,  has  0.0^50  per  cent  sulphur 
and  0.1727  per  cent  phosphorus,  equivalent  to  500  pounds  of  sul- 
phur, and  3454  pounds  of  phosphorus,  in  the  surface  soil;  so  sulphur 
was  probably  the  limiting  element  for  clover.  Mr.  Tuomey 's  field, 
Sfui^plc  34i  had  6814  pounds  of  phosphorus,  the  highest  of  the 
samples  analyzed.  This  sample  also  contained  small  fragments  of 
limestone,  so  that  there  was  an  abundance  of  lime.  On  the 
other  hand,  the  sulphur  content,  626  pounds,  although  hi*;her  than 
in  many  samples,  is  probably  rather  low  for  a  plant  like  alfalfa, 
which  uses  such  large  quantities  of  sulphur. 

These  results  are  not  conclusive,  but  it  seems  probable  that 
sulphur  may  be  a  limiting  clement  on  some  of  these  soils,  and  that 
gj'psum  is  a  satisfactory-  source  of  supply  for  this  clement.  More 
field  experiments  are  necessary  in  the  himiid  part  of  the  United 
States,  and  great  care  in  conducting  these  experiments  is  necessary 
if  satbfactory  results  are  to  be  obtained.  Experiments  should  be 
conducted  through  several  years  to  avoid  weather  conditions,  which 
may  be  the  limiting  factor  in  some  years.  On  some  soik  drainage 
is  necessary,  and  no  fertilizer  treatment  will  have  any  effect  until 
this  is  done.  Most  solb  ui  the  humid  part  of  the  United  States 
are  add.  A  krgc  part  of  them  are  so  ackl  that  liming  is  necessary 
before  any  other  treatment  is  effective,  especially  for  leguminous 
crops.  Table  I  shows  a  high  phosphorus  content  in  some  of  the 
soils  reported  in  this  paper,  but  those  are  exceptional  soils.  As  a 
general  rule  soils  are  deficient  in  phosphorus,  and  farmers  report 
increases  in  crop  yields  for  the  use  of  add  phosphate.  Itisimpos^ 
sible,  however,  to  tell  how  much  of  the  increase  is  due  to  the  phos- 
phorus and  bow  much  to  the  su^ur  in  the  ackl  phosphate.  A 
comparison  of  add  phosphate  with  rock  phosphate  and  gypsum, 
and  with  gypsum  alone,  and  rock  phosphate  akme  would  give  some 
vahiable  rmlts. 
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Many  ol  the  lUiiuns  ezpefiment  fields  indude  three  check  plots 
in  each  seiies.  These  check  plots  are  aO  untreated  and  are  only  a 
short  distance  apart,  yet  soooe  o£  them  differ  widely  in  crop  yidds. 
It  is  reasonable  to  assume  that  neighboring  plots  receiving  the 
same  fertilizer  treatment  would  diiTer  as  widely.  These  diff e rcnces 
due  to  factors  not  under  the  control  of  the  investigators  make  the 
probable  error  large,  and  when  only  one  plot  of  each  treatment  is 
used,  the  differences  between  plots  with  different  treatments  must 
be  great  before  one  can  assume  that  the  treatment  has  been  effec- 
tive. \\''hcrc  tlic  (litTcrcnces  are  as  great  as  in  the  work  of  Reimer 
and  Tartar  (  58)  and  of  Olsox  ($4),  there  is  no  doubt  that  the 
trcatnu-nt  has  been  clTective,  but  in  many  of  the  field  experiments 
in  dilTerent  parts  o£  tlie  country  the  differences  are  too  small  to 
justify  the  conclusions  drawn  from  them,  as  the  probal)lc  error  is 
so  great.  Where  a  number  of  j^lots  of  each  treatment  are  used,  the 
uncontrollable  faetor>  lend  to  neutralize  each  other  and  the  prob- 
able error  is  reduced.  As  the  number  of  plots  of  each  treatment 
increases,  ^mailer  axera.^e  dilTorences  are  necessary  to  be  signiti- 
cant.  It  seems  probable  that  three  {)Iots  of  each  treatment  are 
necessary  if  satisfactory  re^^ults  ar(>  to  be  obtained.  In  the  past 
investigators  ha\  e  had  a  tcndenc}'  to  scatter  lield  experiments  over 
a  number  of  widely  separated  fields  on  the  same  soil  type.  It  seems 
probable  that  more  satisfactory  results  would  be  obtained  if  the 
woA  were  '^fi"*^  to  one  field  on  each  soO  type,  and  each  field 
had  from  three  to  five  plots  of  each  treatment. 

Swnmafy 

I.  Composite  soil  samples  from  Indiana,  Kentucky,  Micliigan, 
Ohio,  and  Wisconsin  were  analysed  for  total  sulphur,  total  phos- 
phorusy  and  volatile  matter  (loss  on  ignition),  and  cooperative 
fertilizer  experiments  with  g>'psum  were  conducted  in  fields  in 
Indiana  and  Kentucky. 

3.  The  analytical  data  show  a  general  relation  between  the  sul- 
phur  content  and  loss  on  ignition  in  soil  samples  from  the  same  soil 
type  or  closely  related  soil  types,  but  the  rdation  is  not  apparent 
when  different  soil  types  are  compared. 
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3.  The  sulphur  contents  In  the  sniface  soil  vaiy  from  cot  18  to 
0.0905  per  cent,  while  the  phosphorus  contents  vary  from  0.0560 
to  0.3407  per  cent  All  the  upland  soils  and  most  of  the  alluvial 
soils  are  low  in  sulphur.  Most  of  the  Kentucky  soils  and  one  of 
the  Indiana  soils  are  high  in  phosphorus.  This  is  undoubtedly  due 
to  the  Influence  of  the  rock  from  which  the  soils  were  f oimed,  as  all 
the  Kentucky  samples  were  from  soils  deiived  either  from  the  Tren- 
ton limestone  or  the  Cincinnati  limestone,  both  of  which  are  high 
in  phosphorus  content. 

4.  The  su^hur  and  phosphorus  contents  were  calculated  to 
pounds  per  acre  in  the  surface  soil,  and  Gampacod  with  the  amounts 
of  sulphur  and  phosphorus  removed  by  maximum  crops  of  com, 
wheat,  timothy,  clover,  and  alfalfa.  The  highest  sulphur  content 
is  sufficient  for  only  39  years  of  alfalfa,  139  of  clover,  159  of  timothy, 
355  of  wheat,  or  232  of  corn;  while  the  lowest  sulj)hur  content  is 
siifTicicnt  tor  only  5  years  of  alfalfa,  18  of  clover,  21  of  timoth}-,  46 
of  wheat,  or  30  of  com.  The  lowest  phosphorus  content  is  equal 
to  the  amount  removed  by  42  years  of  com,  60  of  wheat,  80  of 
timothy,  36  of  clover,  or  20  of  alfalfa.  On  the  other  hand ,  it  would 
take  401  years  of  corn.  568  of  wheat.  757  of  timothy,  341  of  clover, 
or  180  of  alfalfa  to  remox  e  its  much  phosphoms  as  is  found  in  the 
soil  with  the  highest  phosphorus  content.  * 

5.  On  some  of  the  soils  tobacco,  clover,  and  a,  1  full  a  have  been 
benefited  by  the  use  of  g}psuni.  The  results,  however,  are  not 
quantitative.  More  field  experiments  are  needed  and  greater  care 
should  be  taken  to  eUminate  other  &ctors  as  far  as  possible.  Each 
treatment  should  be  replicated  to  reduce  the  probable  error. 

This  investigation  was  conducted  under  a  research  fellowship 
from  the  Gypsum  Industries  Association.  The  work  was  performed 
at  the  University  of  Cliicago  inthe  Hull  Botanical  Laboratory  und^ 

the  direction  of  Dr.  William  Crocker.  The  author  wishes  to 
thank  the  Gypsiun  Industries  Association  for  their  kindness  in 
furnishing  the  fellowship  and  Dr.  Crocbler  for  his  kind  and  helpful 
advice  and  criticism.  Thanks  are  also  due  Dr.  Frederick  Koce 
for  his  kind  advice  and  criticism  of  anal3rtical  methods. 
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CYCXIC  MANIFESTATION  OF  STERILITY  IN  BRASSICA 
PEKINENSIS  AND  ii.  CHINENSIS 
A.  B.  Stout 

(wiiH  SEVSN  ncmtss) 

The  tiansitioii  from  asexual  or  vegetative  growth  to  the  con* 
dition  of  flower  and  fruit  production  in  hennapfarodite  plants  is 
to  be  recognized  aa  a  most  fundamental  aspect  of  sexuality. 
Furthennore,  the  inter-relations  that  exist  between  vegetative  and 
rq>roductive  vigor  and  the  influence  of  the  former  on  the  latter 
are  reflected  and  exhibited  in  certain  phenomena  of  sterility. 

It  is  now  certain  that  vegetative  vigor  and  the  internal  inter- 
relations incident  to  it  may  limit  reproductive  vigor  and  sexuality. 
The  limitation  from  these  causes  may  take  place  in  two  ways:  (i) 
they  may  interfere  with  or  influence  the  morphological  development 
of  flowers  or  other  reproductive  organs,  and  (2)  they  may  affect  the 
functioning  powers  of  organs  that  are  fully  formed.  If  these  influ* 
ences  are  marked,  one  or  more  types  of  sterility  may  appear. 

Only  recently  observations  have  indicated  that,  at  least  in 
some  cases,  the  compatibilities  and  the  fertility  of  the  sex  organs 
may  vary  rather  definitely  within  the  cycle  of  vegetative  and 
reproductive  development  characteristic  of  the  particular  spedes. 
A  phenomenon  of  this  sort  is  reported  by  East  and  Park  (4), 
who  found  that  in  the  few  plants  which  are  self-compatible  in 
certain  species  and  hybrids  of  Xicodaua.  the  self-compatibility 
develops  only  at  the  end  of  the  llowerint^  period.  Cases  of  cross- 
compatibility  appearing  only  at  the  end  oi  the  period  of  bloom  are 
reiX)rted  also.  A  very  decided  case  of  the  (le\'eK)[)ment  of  scU- 
Comj)atif)iHty  only  at  the  cIom-  of  tlie  jx-riod  of  l>loom  was  oliserved 
bv  the  writer,  in  a  plant  of  I.ythrum  S<ili<.<}ri<i.  and  reported  at  the 
amiual  nieclin^'  of  the  Hotaniial  ScH-icty  of  America  for  TOT7. 
These  observation >  ^nirgcbted  that  new  evidence  on  the  old  problem 
of  the  relation  between  vegetative  vigor  and  reproductive  vij^or, 
as  expressed  in  the  lorniation  oi  dowers  and  the  functioning  of  the 
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parts  tn  seed  formationi  may  be  obtained  by  experimental  means 
item  a  study  of  the  fluctuations  in  fertility  that  aie  to  be  seen  in 
those  feebly  self-oompatible  Individuals  which  are  to  be  found  in 
si»ecies  in  which  general  senial  incompatibilities  are  strongly 
devdopedi 

A  subsequent  report  of  a  more  detailed  study  on  this  problem 
(SxoUT  xx),  however,  showed  that  In  Vei^ateum  pkoemeeum, 

EschschoUua  califomiea,  and  Cichorium  Intyhus  the  various  grades 
of  self-compatibility  operate  vory  uniformly  throughout  the  entire 
period  of  bloom,  and  that  there  are  in  the  feebly  self-compatible 
plants  of  these  spedes  no  specially  marked  tendencies  to  self- 
compatibility  at  any  definite  phase  of  the  blooming  period.  It  was 
also  found  that  in  Nicotiana  Forgeiiana  Hyb.  Hort.  and  in  Lytkrum 
Salicaria  end-bloom  self-compatibility  develops  as  an  infrequent 
individual  variation  rather  than  as  a  phenomenon  characteristic  of 
the  self-compatible  plants.  In  these  species  there  is  no  r\  r1ir  pro- 
duction of  fruits  and  seeds  which  would  indicate  a  general  relation 
between  vegetative  vigor  and  the  development  of  self-compatn)ility. 

Such  a  cyclic  occurrence  of  self -compatibility  was  lound, 
however,  and  reported  for  Brassica  pekiiimsis,  and  it  was  noted 
that  the  highest  degree  of  self-compatibility  attained  by  any  given 
plant  appeared  very  uniformly  during  the  period  of  mid-bloom. 
Further  studies  with  this  species  have  since  been  made  which  show 
this  to  be  the  rule  for  ail  those  individuals  that  arc  self-compatible 
in  any  degree.  Similar  behavior  has  also  been  found  in  cultures  of 
Brassica  chktensis  and  in  hybrids  between  this  spedes  and  B, 
pekinmtis.  So  far  as  luown  to  the  writer,  this  is  the  most  uniform 
and  definite  case  of  a  general  and  definite  periodicity  in  the  modifi- 
cation of  sexual  compatibilities  within  a  blooming  period.  In 
these  q»ecies,  also,  flower  abortion  appears  in  the  transition  of 
vi^tative  to  reproductive  vigor,  ezhibitmg  an  Influence  of  vege- 
tative vigor  on  the  morphological  development  of  flowers. 

Mnterial  and  methods 

Several  strains  of  the  "head"  sorts  of  Brasska  pekineHsis, 
commimly  known  as  Qiinese  cabbage  or  Pe-tsai,  and  one  strain  of 
the  loose-leaved  or  headless  sort  (the  Nanking  variety)  were  grown 
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bom  seedsi  funiished  by  the  Office  of  Foretgn  Seed  and  Plant 
Intxoduction  of  the  United  States  Department  of  Agriculture. 
Theaeeds  of  the  strain  of  B,  cldnensis  which  have  been  grown  were 
obtained  from  China  by  a  Chinese  student  at  Columbia  University 
for  the  gardener  in  charge  of  the  greenhouses  belonging  to  the 
University,  and  the  writer  obtained  seeds  from  the  first  lot  of  plants 
there  grown.  From  controlled  cross>pollination8  between  plants 
of  the  two  species,  seeds  were  obtained  and  plants  of  an  Ft  hybrid 
progeny  were  grown. 

The  greater  number  of  plants  have  been  grown  in  pots  in  a 
greenhouse  and  brought  into  bloom  during  the  winter  and  spring 
before  they  oould  suffer  from  the  heat  of  summer.  When  thus 
grown,  plants  of  the  head  varieties  of  B.  pekmensis  form  a  rather 
loose  headlike  rosette,  much  smaller  and  less  compact  than  wbea 
grown  under  field  culture,  after  which  they  shoot  up  into  flower. 
Plants  of  the  Nanking  variety  of  B.  pekinensis  and  plants  of  B, 
chmmHs  do  not  form  a  head  even  under  the  best  of  field  culture; 
a  very*  loose  rosette  of  leaves  develops,  and  this  grades  up  into  the 
leaves  of  the  flowering  stem.  Pot  grown  plants  of  these  species 
closely  resembled  field  grown  plants  except  that  the\-  were  smaller. 

A  few  plants  of  all  strains  ha\<*  ht'i-n  grown  to  full  maturity 
in  the  garden,  ])Oth  as  spring  and  iiutn-ui  crops.  Such  plants  were 
larger  than  the  pot  grown  phmt-  .  i.il  more  flowers  were  produced, 
but  their  behavior  in  respect  to  leriility  and  sterility  was  identical 
with  that  of  plants  grown  in  the  greeiiliouse.  Spcaal  effort  was 
taken  to  make  controlled  self  polhnations  throughout  the  entire 
period  of  bluoniing.'  Numerous  plants  have  bloomed  alone  or  in 
isolation  from  other  si)ecie>  of  Brassira,  both  in  the  greenhouses  and 
in  the  field,  and  hand  jmllinations  were  made  from  one  to  four  days 
apart  as  long  as  ihe  plant>  bloomed.  The  plants  not  grown  in  iso- 
lation were  "bagjjed."  Flowering  branches  were  inclosed  in  gla>sine 
paper  bug:,  oa  or  within  a  day  or  two  following  the  opening  of  the 
first  flowers;  the  plaiUs  were  visited  at  leuil  iwice  a  week  (at  tirsl 

'  nijrinR  the  winter  season  of  igiq-io-'o  the  writer  was  greatly  aided  by  the 
volutilary  a!>»u.i4inct:  uf  Alr:^.  ^hluRTiuKR  j.  l  ux.  Mm  ilF4iTLR  M.  Risk  has  assisted 
in  the  rcMMcb  and  made  nuuiy  of  the  poUiiwtions  of  the  pbnts  grown  in  i9J»-i92i. 
Through  this  eilkient  as-^i^t.1n(  e  and  cooperation  the  many  pollinatlom neccsMiy  to 
the  research  were  accomplished. 
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many  were  visited  daily),  and  polien  from  fuUy  dehiscent  stamens 
in  liberal  amounts  was  placed  on  pistils  of  all  fireshly  opened 
flowers.  After  tbe  cydic  modification  of  self-oompatibility  was 
teoogniied,  frecjiient  cross-pollinations  were  made  to  test  the 
functioiial  power  of  pistils  and  stamens  during  the  periods  of  self* 
inoompatibiUty  preceding  and  following  the  period  of  mid-bloom. 
The  potency  of  the  pollen  has  hem  studied  by  geimination  tests, 
and  a  cytologtcal  study  of  the  phenomena  of  pollen  tube  growth 
and  f  ertiliaation  is  under  way. 

Sterility  in  Brassica  pekinensis  and  B.  chinensis 

Three  distinct  and  quite  different  types  of  sterility  are  m 
evidence  during  the  period  of  bloom  in  both  these  species. 

I.  One  type  is  to  be  classed  in  general  with  impotence  (Stout 
12  ).  but  here  two  very  distinct  types  of  impotence  may  be  observed. 
These  may  be  described  as  (i)  flower  abortion  of  the  first  flowers, 
and  (2)  arrested  development  of  the  last  flowers  that  start  to  form. 

II.  In  some  plants  of  both  species,  axial  proliferations  develop 
from  the  pistils  of  many  flowers,  and  the  pistils  of  such  flowers  are 
functionless  in  respect  to  fruit  production. 

TIL  Among  the  flowers  that  open  fully  and  are  capable  of 
luiii^Lioruiig  in  certain  relations,  various  grades  of  incompatibilities 
are  in  evidence,  and  self-compatibility  whenever  present  is  most 
strong  during  the  period  of  mid-bloom. 

I.  Impoxbncb 

(i)  Flowkk  ABOKnoN.—Frequently  in  Brossica  pekmemis  the 
first  flowers  on  the  main  stalk  and  often  also  the  first  flowers  on 
laterals  are  completely  aborted.  The  flower  buds  remain  small  and 
do  not  open,  but  soon  become  dead  and  Mack.  A  rather  character- 
istic case  of  flower  abortion  is  shown  in  fig.  i,  which  is  of  a  pot 
grown  plant  of  B.  pekmmms  blooming  in  February.  Nearly  forty 
of  the  first  flowers  of  the  main  branch  aborted,  after  which  the 
flowers  were  completely  formed,  normal  in  appearance,  and  fully 
capable  of  functioning  in  certain  fertilizations.  The  uppermost 
lateral  branch  coming  into  bloom  later  than  the  main  axis  had  only 
fiwe  flowers  that  aborted,  and  the^nezt  lower  lateral  had  no  aborted 
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flowers.  On  such  plants  the 
bloom  at  the  time  when  the 


Fig.  I. — ^Typical  caae  of  flower  abor- 
tion in  plant  of  Brwka  pekinensis;  about 

forty  of  first  flowers  on  main  avis  abor- 
ted ;  there  are  five  such  flowers  on  upper- 
most lateral  and  none  on  second  lateral, 
showing  oOlTebtion  in  mor|>hulogical 
duuacter  Moording  to  time  of  blooming. 

At  the  time  when  the  flowering 


lateral  branches  which  come  into 
main  branch  is  produdng  normal 
flowers  as  a-  rule  have  normal 
flowers  from  the  first  (figs.  1-3). 
This  coordination  between 
flowers  opening  simultaneously 
on  different  branches  as  to  kind 
of  development  is  veiy  marked. 
At  first  viewi  this  abortion  of 
flowers  appears  to  resemble  the 
bhsting  of  flowers  which  fre- 
quently occurs  in  all  sorts  of 
plants  as  the  direct  effect  of  un- 
favorable environmental  influ- 
ences, but  here  the  phenomenon 
is  due  primarily  to  internal 
conditions.  As  grown  in  th(^ 
various  cultures,  the  plants 
came  into  bloom  at  various 
times,  some  were  producing 
mid-bloom  and  potent  flowers, 
while  other  plants  by  them  and 
just  coming  into  bl<jom  showed 
flower  abortion.  The  abortion, 
therefore,  is  essentially  self- 
induced. 

Flower  al)orti<>n  of  the  first 
flowers  is  tlu"  rule  among  plants 
of  the  \  aricties  of  B.  pekinensis 
which  form  leafy  heads  anci 
which  arc  grown  in  the  lieid 
under  conditions  which  favor 
the  development  of  heads.  In 
such  plants,  if  IlII  lo  bloom, 
the  flowering  branches  are  at 
first  inclosed  within  the  head, 
branches  first  come  to  the  light, 
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tliey  are  somewhat  blanched  and  tender,  and  the  first  flowers  are 
already  aborted.  This  condition  of  itself  suggests  that,  in  this 


case,  temperature  and  light  conditions  are  important  factors  which 
are  oooooaed  in  the  abo^ion  of  the  first  fioweis. 
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Flower  abortion,  however,  is  quite  pronounced  in  many  plants 
of  B,  ^ekimiuis  grown  in  pots  and  in  which  the  head  is  scarcely 

'a 


developed.  In  the  Nanking  variety  in  which  the  leaves  form  only 
a  loose  rosette,  about  one-third  oi  the  plants  grown  have  had  some 
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aborted  flowers,  but  usually  only  a  few  of  the  first  fiowm  abort. 
Flower  abortioa  also  appears  In  many  plants  of  B,  ekinensis  which 
have  veiy  loose  rosettes  of  leaves. 

In  these  spedes  flower  abortion  occurs  as  a  transitional  sta^ 
between  a  peiiod  of  vigorous  vegetative  vigor  and  a  period  of  flower 
foimatiott  and  seed  production.  The  plants  which  exhibit  abortion 
are  not  aUe  to  pass  at  once  into  oomgiktU  reproductive  activity 
in  producing  potent  flowers.  The  amount  of  abortion  is  greatest 
in  the  varieties  of  B.  pekmenHs  in  which  vegetative  vigor  is  most 
marked  and  in  which  excessive  vegetative  growth  can  readily  be 
induced  by  good  cultural  conditions  and  which  have  been  selected 
and  bred  for  this  feature.  Flower  abortion  occurs  in  numerous 
plants  of  these  sorts  that  are  grown  in  pots,  as  it  does  in  many 
plants  of  the  loose-leaved  idnds,  but  it  apparently  tends  to  be  less 
marked  in  these. 

Flower  abortion  is  here  undoubtedly  correlated  with  the  degree 
of  vegetative  vigor.  It  is  not  merely  due  to  a  stifling  of  flowers 
from  simple  direct  injury  because  of  inclbsure  within  a  head, 
however,  but  to  a  constitutional  feature  of  which  the  formation 
of  a  leafy  head  or  ro.>>eUc  is  an  extreme  expression.  In  thi-  sense 
the  abortion  of  flowers  is  self-induced  and  to  some  degree  hereditary. 
Usually  the  transition  from  aborted  flowers  to  apf>arently  normal 
flowers  is  sudden  and  complete  (fig.  1).  Sometimes,  however,  the 
first  flowers  to  appear  after  the  aborted  ones,  or  the  first  flowers 
when  there  are  no  aborted  ones,  are  poorly  developed,  are  plainly 
immature  and  undersized,  and  especially  in  B.  ckutmsis  there  may 
be  premature  opening. 

(2)  Akkbsted  DZVKbonONT  or  last  tiawshs.— At  least  some 
of  the  last  flowers  which  begin  to  fonn  remain  immature  and  func- 
tionkss.  In  the  first  of  such  flowers  the  ooioUas  wither  quickly 
and  may  become  dry  and  papery  without  falling.  Then  the  flowers 
become  smaller  in  size  and  more  incomplete  in  devekpment  until 
at  last  they  are  mere  stubs  of  tissue.  Usually  from  six  to  ten 
flowers  in  these  various  stages  of  arrested  development  may  be 
counted  at  the  tip  of  each  branch.  On  short,  lower,  lateral  branches 
and  on  aeoondary  or  later  laterals  all  of  the  flowers  may  fafl  to  de- 
velop fully.  This  condition  is  shown  in  the  illustrations.  The  dis- 
tribution of  flowers  that  fafl  to  develop  is  indicated  in  figs.  2  and  3. 
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This  type  of  sterility,  of  course,  is  very  common  in  all  sorts  of 
fiowering  plaats,  and  is  clearly  associated  with  old  age  and  death 
of  the  entire  plants  or  of  the  individual  flowering  branches.  In 
these  spedes  of  Brassiea  it  is  unusually  conspicuous,  and  begins  to 
develop  when  growth  has  ceased  and  parts  of  the  plant,  espedaUy 
the  basal  leaves,  are  dying  or  even  dead  and  falling  from,  the  plant. 
Flowers  that  have  aborted  or  developed  poorly  at  the  beginning 
of  the  period  of  bloom,  and  those  in  which  development  is  arrested, 
are  all  functionless.  Their  failure  to  produce  fruit  is  entirely 
independent  of  any  sort  of  fertilization.  It  Is  deariy  due  to 
impotence. 

n.  PROLDESAnON 

In  a  few  plants  of  several  strains  of  both  Brassica  ckme$uis 
and  B,  peHnensiSt  noticeable  axial  proUfoatrons  develop.  The 
axis  anlage  indosed  within  the  carpeb  of  the  pistil  grows  and 
branches  until  it  bursts  open  the  pistQ.  The  pedicel  of  the  flower 
enlaiges;  the  proliferated  branch  may  become  several  Inches  long 
and  bear  as  many  as  twenty-five  flowers,  many  of  which  are  able 
to  function  In  seed  production.  Proliferation  may  be  regarded  as 
the  sterilization  of  a  pistil  by  vegetative  growth  of  the  tissue 
beneath  and  wlthlnit  In  the  end  it  is  the  expression  of  a  tendenqr 
to  vegetative  vigor  which  culminates  in  the  production  of  many 
more  pistils  and  stamens. 

Although  proliferation  is  often  Irregular  in  its  distnbution,  it  is 
most  frequent  during  t^it"  earlier  portion  of  the  period  of  bloom. 
Frequently  it  is  most  higlily  developed  in  the  first  flowers  of  plants 
which  show  little  or  no  flower  abortion,  but  it  often  does  appear 
later.  The  last  flowers  of  those  which  open  normally  as  a  rule  are 
free  from  proliferations.  This  abnormaUty  is  certainly  to  he 
regarded  as  an  expression  of  excess  vegetative  vigor,  as  a  result  oi 
which  the  axis  about  which  flower  parts  are  grouped  resumes 
active  vegetative  growth.  The  stamens  in  many  of  the  flowers 
whose  axes  proliferate  seem  to  be  normal,  but  the  pistils  are  not 
productive  of  fruit. 

Another  t>'pe  of  excessive  vegetative  vi^nr  is  seen  in  the  develop- 
nu'iit  ot  green  leaves  at  the  base  of  e:u  h  llowrr.  giving  a  leafy 
inflorescence.   This  has  only  been  observed  in  a  few  plants,  and 
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its  possible  rdadon  to  the  producticm  of  flowKS  and  to  their 
impotence  has  not  been  determined. 

in.   Physiological  incompatibility 

During  the  phase  when  the  floweis  are  completdy  developed, 

man\  flowers  are  produced  that  are  capable  of  producing  pods  and 
seeds.  In  general  the  i)lants  produce  such  flowers  in  abundance, 
in  succession  for  a  period  of  about  twenty  da>'s,  and  with  con- 
tinuous and  rather  rapid  elongation  of  branches  (cf .  fig.  i  with  4  and 
6).  A  free  and  indiscriminntr  functioning  of  the  organs  in  seed 
production,  however,  is  deddediy  limited  by  incompatibilities  in 
fertiUzation. 

SKr.F-iNcoArPATiHLi;  I'LANTS.  Plants  may  be  completely  self- 
incompatible  throughout,  as  was  the  case  for  the  plant  shown  in 
fig.  4.  The  first  six  flowers  on  the  main  branch  aborted,  but  the 
very  first  flowers  on  the  Liiree  uppermost  laterals  were  normal. 
A  few  flowers  at  the  ends  of  the  branches  failed  to  develop.  In  all, 
about  seventy  llowcrs  on  the  main  branch,  forty  on  each  of  the  first 
and  second  laterals,  and  fifty  on  the  third  lateral  were  cai)able  of 
functioning.  Three  lower  branches,  which  bore  together  about 
one  huiulred  normal  iBowers  and  were  like  the  third  lateral  in  general 
appearance,  were  not  included  in  the  photograph.  Tliis  plant  grew 
in  Isolation  in  a  greenhouse,  and  self-pollinations  were  made  by 
hand  at  least  three  times  a  week  throughout  the  period  of  bloom. 
At  least  two  hundred  flowers  were  carefully  setf-poUmated,  but 
not  a  pod  resulted.  The  pods  which  were  formed  on  this  plant 
were  aU  from  compatible  cross-pollinations.  SLl  fine  huge  pods 
near  the  base  of  the  mam  stem  were  all  from  flowers  that  fsgtsasA 
rather  early;  the  two  first  flowers  on  the  first  lateral  yielded  fine 
pods  to  a  cross;  and  large  pods  containing  viable  seeds  were 
obtained  by  crossing  some  of  the  very  last  flowers  to  open  normaUy 
on  the  main  stem  and  on  the  first  and  second  laterals.  Thestamens 
were  apparently  normal  throughout  the  time  when  flowers  opened 
normally;  pollen  from  many  stamens  eiamlned  at  different  times 
was  found  to  be  plump  and  normal  in  appearance,  and  the  use  of 
pollen  in  certain  crosses  covering  the  entire  period  of  normal 
bloom  resulted  in  seeds.  Such  tests  have  been  made  repeatedly  on 


X20 


BOTANICAL  GAZETTE 


[febkuaky 


numerous  plants  with  results  as  noted,  which  show  that  the  failure 
to  set  seed  to  self-pollination  is  due  to  a  sexual  incompatibility 
between  reproductive  elements  that  are  capable  of  functioning  in 

certain  other  relations. 

A  total  of  137 1  plants  of 
these  two  sjjecies  of  Brassica 
and  hybrids  between  them  have 
been  tested  at  the  time  this  is 


FlO.  4. — Plant  of  B.  pekintnsis,  com- 
pletely self-incompatible  but  producing 
good  pods  containing  viable  seeds  to  com- 
patible crosses  at  any  time  while  flowers  are 
fully  developed. 


FiC.  5. — Feebly  self-compatible  plant 
of  B.  chincnsis;  first  two  flowers  and 
last  to  open  normally  on  main  axis  highly 
fertile  in  compatible  cross. 


written,  and  of  these  653  were  found  to  be  completely  self- 
incompatible.  Plants  were  thus  classed  when  no  pods  developed 
to  selfmg  at  any  time  throughout  the  entire  period  of  bloom. 
There  were,  however,  several  grades  to  be  seen  in  respect  to  the 
length  of  time  the  pistils  remained  attached  to  the  plant.  In  the 
plant  shown  in  fig.  4,  with  few  exceptions,  the  pistils  of  flowers 
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selfed  fdl  soon  af tar  the  petals  had  faUen.  In  other  plants,  and 
eqiedally  plants  of  B,  ckinmsis,  nearly  all  the  pistils  of  sdfed 
flowers  remained  attached  only  during  the  peiiod  of  nud^Uoom. 

SBtr-ooMPAHBix  plants*— A  total  of  718  phmts  of  the  various 
cultures  grown  were  self-oompatible  in  some  degree.  For  the 


Fig.  6. — Plant  of  B.  pekinensis,  highly  self-compatible  diiriog  period  of  mid- 
bloom;  no  Aomr  aiiortioii;  int  Aowen  to  Moon  on  bteinb  wcie  adf-oompatible, 
ihowing  oondntion  with  ndn  bnmh  m  physiological  cbonctcr  noootdiiiK  to  time 


purpose  of  a  general  classification  the  self-compatibility  was  judged 
as  feeble,  meimmf  and  strong,  but  there  were  many  grades  within 
each  daas  with  no  shaip  distinctions  between  them.  The  weakest 
grade  includes  the  cases  in  which,  most  typically,  a  few  small  pods 
containing  only  aborted  seeds  developed.  In  some  cases  pods  of 
good  siae  were  fonned,  as  is  diown  in  fig.  5,  but  the  seeds  wece  all 
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shriveled  and  not  viable.  Such  plants  were  classed  as  feebly 
self-compatible.    Plants  whose  self-compatibility  was  classed  as 

medium  produced  some  viable 
seeds.  The  number  of  f)ods,  the 
number  of  shriveled  seeds,  and 
to  some  extent  the  number  of 
viable  seeds  varied  greatly 
among  plants  thus  grouped. 
The  plants  classed  as  strongly 
self -compatible  produced  nu- 
merous p>ods,  and  the  total 
number  of  xnable  seeds  was 
high.  In  these  also  the  num- 
ber of  pods,  their  size,  and  the 
numbers  of  viable  and  of  shriv- 
eled seeds  varied  greatly.  The 
various  grades  of  self-compati- 
bility were  seen  among  sister 
plants  that  were  as  nearly  iden- 
tical as  is  possible  in  regard  to 
vegetative  vigor,  number  of 
branches  and  flowers  produced, 
and  as  to  calendar  dates  for 
period  of  blooming. 

It  was  readily  recognized 
that  the  self-compatibility  of 
such  plants  was  most  strong 
during  the  period  of  mid-bloom, 
and  that  previous  to  and  fol- 
lowing this  period  there  was 
complete  self-incompatibility. 
A  highly  self-compatible  plant 
grown  in  isolation  and  carefully 
self-pollinated  from  day  to  day 
appeared  at  the  end  of  the 
fruiting  period,  as  shown  in  figs.  6  and  7.  Repeated  tests  by 
crossings  showed  that  in  these,  as  in  the  case  of  the  self-incompatible 


Fig.  7. — Plant  of  B.  chinensis;  no  flower 
abortion;  plant  highly  self-compatible; 
showing  cycle  of  self-compatibility  with 
climax  at  time  of  mid -bloom. 
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plantSi  the  flowers  tliat  opoied  nonnally  durixig  the  time  of  self- 
inoompatibtUty  were  functional  in  compatible  crosses.  The  re- 
sults of  a  test  of  this  sort  ate  shown  in  fig.  5.  The  cydic  develop- 
ment of  sdf-oompatibility  with  its  coordination  among  the  various 
branches  of  an  individual  according  to  time  of  bloom  is  shown  in 
figs,  a  and  3. 

There  is  evidence  from  other  q>edes  (Sntzs  to)  that  various 
grades  of  cross-compatibility  may  exist  between  the  individuals  of 
the  same  race  or  qMcies,  that  the  group  relations  may  be  variable 
in  different  cultures  of  the  same  specie  or  race  (East  and  Pasz  4), 
and  that  in  general  cross-incompatibilities  appear  with  much 
the  same  Irregularity  in  heredity  and  in  expression  as  do  self- 
mcompatibilities. 

The  writer's  studies  with  these  plants  have  been  chiefly  con- 
cerned with  self-compatibility.  In  the  species  of  Brassica  studied 
the  cross-relations  have  not  been  studied  sufficiently  to  state  with 
certaint\-  whether  the  grades  of  cross-incompatibility  undergo 
cyclic  changes  like  those  of  self-incompatibility,  but  perhaps  it 
may  be  assumed  that  certain  of  the  weaker  gnules  of  cross- 
incompatibility  do  thus  operate. 

Heredity  ol  mid-bloom  aelf-oomyatlbiaty  ia  pedigreed 

linet  of  descent 

In  the  first  or  "parent  "  series  grown  of  both  Brassica  pekinetuis 
and  ckmensis,  of  a  total  of  253  plants  there  were  21  plants  that 
produced  viable  seeds  to  self-pollination  during  the  period  of 
mid-bloom.  Ftom  such  seeds  pedigreed  progenies  were  grown 

through  two  generations,  to  test  the  inheritance  of  self-compatibility 
and  to  determine  the  result  ol  repeated  selection  for  this  character. 
A  summary  of  the  records  for  the  various  series  and  families  grown 
to  date  is  presented  in  table  I.  In  these  records  the  first  series  of 
plants  grown  are  given  arbitrary  numbers.  The  number  ol  a  series 
with  that  of  the  selt-compatible  plant  used  as  a  seed  parent  is 
employed  in  designating  the  series  of  succeeding  generations. 
Thus  the  line  of  descent  and  the  relationship  of  the  various  series 
of  sister  plants  are  fully  indicated. 

In  one  scries  of  the  selfed  i'\  generation  of  B.  pckincnsis  (series 
1-2)  comprising      plants,  24  were  strongly  self-compatible.  In 


134 


BOTANICAL  GAZETTE 


[FEBACAftY 


TABLE  I 
AMD  or  HiBizM  BSTWBKM  «BBn  snecns 


Bnssica  ]»eUiiensis 

P  series  i,  seeds  of  S.P.I,  no.  44892  

P  series  2,  seeds  of  S.P.I,  no.  44935  

P  scries  3,  stTcls  of  S.P.I,  no.  44 .'91  

P  series  4,  seeds  of  S.P.I,  no.  44313  

P  series  5, feeds  of  S.P.I,  no.  4429a  

P  series  ^^4,  seetls  of  S.P.I,  no.   

P  iscries  15,  scctls  of  S.P.I,  no.  4,si<S7  

Ft  series  1-3,  parent  strongly  self-cx)mpatible  ......... 

F,  series  2-1,  parent  strongly  self-compatible  

Ft  series      pucnt  nediutn  self-compfttible ......... 

F:  series  1-2  0,  parent  stronfily  .self-compatible  

Fa  series  1-3-18,  parent  strongly  self-compatible  

Ft  serks  i-a-«9,  paitat  strongly  self-compatible  

F,  series  1-2-38,  parent  strongly  self-compatible  

F,  scries  3-1-1,  parent  strongly  self-compatible  

Fj  scries  3-1-9,  parent  strongly  self -compatible  

Ft  series  3-1-32,  pattnt  stionny  seU-compatibic  

Brassica  chinenas 
P  series  6  

Ft  series  8- 1 ,  parent  strongly  self^mnpatible  

Fi  series  8-5,  parent  mediun  setf-ttwiptttible  

F,  series  S  o,   parent  strongly  si  lf-i ompaf il)Ie  

Fi  acries  8-15,  parent  strongly  atlf-corupatible  

Ft  series  8-1-13,  patent  strongly  seU-Gompatible  

Ft  series  ^5-32,  parent  medium  self-oompatible  

Fi  series  8-5-39,  parent  nu.dium  ^i. If  compatible  

F,  series  8-15-5,  parent  strongly  self -compatible  

Ft  series  S-it  no.  39X8-1  no.  32  (medium  X medium)  . 
Ft  series  8-5,  no.  39X8-5  no.  41  (mediufflXseli-steiile) 
Ft  series  8-5,  no.  30XS  5  no.  1 7  (botfi  setf-stirite) .... 
Ft  series  8^5,  no.  ajXS-s  no.  $2  (adf-sterileXmediiiin) 

Bra<isica  cUnenslsXB.  pekinensis 

F,  8-5,  no.  23X2  no.  3  (Iwth  self-incompatible)  

F,  8-5,  no.  19X3  no.  16  (both  self-incompatible)  

Fg  8-j,  no.  18X3-1  no.  63  (mediiunXBelf-sterik)  
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the  xiext  generation  of  this  famfly,  the  progeny  of  four  strongly 
self-oompatible  plants,  275  plants  were  grown.  Of  these  onl^  44 
were  oompl^y  sdi-incompadble.  There  were,  however,  only  6 
plants  as  highly  self-oompatible  as  the  immediate  seed  parents. 
The  majoiity  of  the  plants  (183  in  number)  were  feebly  self- 
compatible  and  did  not  produce  any  viable  seeds  to  selfing.  This 
family,  however,  was  somewhat  more  highly  self-compatible  than 
was  the  family  derived  from  plant  no.  i  of  series  3,  in  the  second 
generation  of  which  only  2  plants  out  of  53  produced  viable  seeds 
to  selfing. 

Selection  for  the  highest  grades  of  self-compatibiUty  in  B. 
chinensis  was  also  carried  through  the  second  generation.  In  the 
F,  generation,  26  out  of  338  plants  produced  viable  seeds  to  selling;. 
In  the  F„  5  out  of  88  plants  produced  such  seeds.  The  proportion 
of  self-compatible  plants  was  low  and  remained  about  tlie  same, 
not  being  appreciably  increased  or  decrea'^ed  in  tli<  second  genera- 
tion. Xo  plants  classed  as  highly  self-cuiiij>aubie  were  found  in 
the  F„  but  this  may  have  been  due  to  the  proportionally  smaller 
number  of  plants  grown  in  this  generation. 

Four  series  comprising  86  plants  were  grown  from  seeds  obtained 
by  crossing  certain  plants  of  the  F,.  Of  these,  25  were  feebly  self- 
compatible  and  one  plant  produced  viable  seeds.  The  Fi  hybrids 
between  the  two  qiedes  exhibited  the  three  types  of  sterility 
duuacteristic  of  the  parent  q»ecies.  There  was  no  indication  of 
a  general  in^tenoe  of  both  sex  organs  (pistils  and  stamens)  suc^ 
as  often  results  from  hybridity.  During  the  time  when  flams 
opened  normally,  branches  left  to  open  pollinatidn  produced  pods 
and  viable  seeds,  and  about  100  plants  of  this  generation  grown 
in  the  field  and  left  to  open  crossrpoUination  produced  pods  in 
alHiwdsTirffi 

As  to  mid-bloom  sdf-oompatibiiity,  the  F.  hybrids  were  like 
the  pure  bred  parents.  Relatively  few  were  highly  self-conqiatible. 
In  one  aeries,  derived  from  crossing  a  plant  of  a  medium  grade 
self-con^tibility  and  one  completely  self-incompatible,  of  50 
plants,  12  were  fully  self-incompatible,  14  were  feebly  self- 
oompatible,  19  were  self-compatible  of  medium  grade,  and  5  were 
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highly  self-compatible.  Two  series  weie  grown  from  parents  that 
were  self-incompatible.  In  one  of  these  all  of  the  19  progeny  were 
self-incompatible;  in  the  other  series  of  34  plants  27  were  hilly 
self-Incompatible,  5  were  feebly  self-compatible,  and  2  were  self- 
compatible  of  medium  grade  during  the  period  of  mid-bloom. 

SumcASY. — ^The  results  obtained  in  these  various  pedigreed 
cultures  show  that  self-compatibility  is  a  character  which  is  not 
directly  hereditary.  Self-compatibility  occurs  sporadically  in  a  few 
members  of  these  prevailing  self>incompatible  spedes.  This 
character  does  not  breed  true.  Selection  for  self- compatibility 
does  not  immediately  lead  to  the  establishment  of  self-compatible 
races.  Neither  is  self-compatibility  nor  self-incompatibility  domi- 
nant in  crosses.  There  is  some  indication,  however,  that  certain 
races  may  be  secured  in  which  the  mode  of  distribution  in  rei^iect 
to  seU-compatibiJity  is  liigher  than  in  others. 

Discussioa  and  conclusion 

The  Strains  of  Brasska  pekinmsis  and  B.  chinensis  studied 
were  previously  selected  and  bred  for  excessive  leafy  growth  rather 
than  for  fruit  and  seed  production,  yet  they  are  reproduced  exclu- 
sively by  seeds.  The  vegetative  vigor  is  not  In  the  least  utilized 
in  the  development  of  parts  which  may  propagate  the  plants 
vegetatively.  In  their  habit  of  growth  and  bloom,  the  stage  of 
sexual  reproduction  in  these  plants  quickly  follows  a  period  of 
remarkably  vigorous  vegetative  development,  hence  these  spedes 
are  favorable  material  in  which  to  study  the  correlative  relations 
of  the  asexual  or  the  vegetati\  e  phase  to  the  sexual  01  reproductive 
(by  se»'(ls)  phase  in  the  complete  lite  cycle. 

Ihe  two  typi  s  of  sterility,  impotence  (including  liowcr  abortion 
and  arrested  deseiojinient),  and  proliferation,  or  the  destruction 
of  a  jM>til  by  vegetative  growth,  as  they  occur  in  B.  pekincnsis  and 
B.  chinensis.  are  both  phenomena  associated  with  the  tormaiion 
of  floral  organs.  The  oilier  tyi>e  of  sterility,  physiological  incom- 
patibility or  relative  sterility  wliich  is  present,  is  concerned  with 
the  physiological  inter  relations  of  the  sex  organs  in  the  various 
processes  of  fertili/atiou. 

These  three  t\]>cs  of  sterility  (U-\eh)i)  and  oi>erate  in  these  two 
spedes  and  in  their  hybrids  in  intimate  correlation  with  the  cycUc 
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altematioa  o!  vegetative  and  reproductive  vigor.  Flower  abortion 
oocuis  oormally  as  a  transitional  stage  between  the  formation  of 
green  leaves  and  the  production  of  functional  sporophylls.  Those 
plants  which  exhibit  flower  abortion  are  not  able  to  pass  directly 
from  produdnf^  green  leaves  or  leaves  with  brandies  at  the  nodes  lo 
the  production  of  flowers,  and  flower  abortion  occurs  as  a  transitional 
stage.  The  abortion  of  flowers  appears  in  the  phase  where  vege- 
tative vigor  is  waning,  but  before  reproductive  vigor  is  fully  in 
evidence.  There  is  also  a  marked  agreement  among  the  various 
branches  of  a  plant  as  to  the  grade  of  development  reachrd  at  any 
one  (late  of  blooming  (figs,  v-x  ),  which  indicates  a  dehniu  rt  i;in"on 
between  the  condition  causing  flower  abortion  (and  also  normal 
flower  formation)  and  a  condition  of  the  plant  as  a  whole.  These 
phenomena,  therefore,  have  many  aspects  cliaracterislic  of  physio- 
logical correlation. 

The  arrested  development  of  flowers  at  the  ends  of  branches 
after  a  period  of  vigorous  blooming  of  the  plant  is  obviously  due 
to  an  extreme  waning  of  vigor  and  the  approaching  death  of  the  plant 
as  a  whole,  and  of  course  is  a  phenomenon  prevalent  in  all  sorts  of 
fdants.  Axial  proliferation  from  the  pistils  is  to  be  considered  as  a 
resumption  of  vegetative  growth  after  the  differentiation  of  the 
pistils  has  been  accomplished. 

Turning  to  the  functional  relations  of  the  sex  organs  in  these 
two  spedes  of  Brasska,  at  least  to  the  compatihility  in  sdf- 
fertilization,  it  is  seen  that  they  also  exhibit  a  pexiodidty  on  their 
occurrence  whidi  forms  a  very  definite  cyde.  A  total  of  7 18  plants 
that  were  self-compatible  to  some  degree  have  now  been  observed 
in  these  two  species  and  in  hybrids  between  them.  With  the  excep- 
tion of  a  few  individuals  in  which  pods  developed  irregularly,  the 
maximum  of  self-compatibility  was  reached  during  the  mid-bloom 
of  the  plant  (figs.  2,3,  5-7).  Previous  to  and  following  this  period, 
the  self-omipatihility  grades  into  complete  self-incompatibility  or 
into  a  much  weaker  grade  of  self-compatibility.  Furtlicrmore,  the 
dimax  of  self-compatibility  is  remarkably  coordinated  among  the 
different  branches  according  to  the  time  of  blooming  quite  as  is 
the  earlier  develoj^ment  of  flower  abortion. 

The  remarkably  uniform  development  of  self-compatibility 
during  the  time  of  mid-bloom  in  Brassica  chinemis,  B.  pekinensis. 
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and  hybiids  between  them,  is  oonvindiig  evidence  tbat  the  functions 
of  fertilization  are  here  operatxng  in  a  cyde  of  intensities.  The 
period  of  mid-bloom  may  be  considered  as  the  time  when  oonditions 
are  most  favorable  for  fertilizatioiu  The  cross-fertilizations  whidi 
are  hi^y  effective  both  previous  to  and  following  the 
for  self-compatibility  are  hence  to  be  considml  as  indicating  a 
different  and  possibly  a  stronger  grade  of  sexual  relation.  It 
seems  conclusive  that,  judged  by  the  functional  relations  in  fertili* 
zation,  the  physiological  properties  of  the  sex  organs  in  these 
plants  vary  in  a  rather  definite  cyde. 

It  is  clear  that  self-compatibility  as  contrasted  with  certain 
grades  of  cross^compatibility  in  these  species  of  Brassica  is  limited 
to  a  specific  period  following  the  transition  from  vegetative  to 
reproductive  activity  and  limited  by  the  wning  senility  of  the  plant 
as  a  whole.  Self-compatibility  appears  coinddently  with  the 
dimax  of  the  reproductive  activity. 

Sexual  reproduction  itself  is  generally  characterized  as  a 
phenomenon  of  maturity  (Coulter  3).  The  clitTerentiations  of 
sex  i!-^  indicated  by  anatomical  features  and  by  the  j)hysioiogical 
cotiin  itibilities  are  perhaps  to  be  considered  as  a  smaller  cycle 
operating  within  the  larger  alternati<in  of  \P!jetative  and  repro- 
ductive phases  and  subject  to  the  same  biogenetic  regulation. 

In  the  dowering  plants  especially,  there  is  great  diversity 
among  spedes  in  the  relative  development  of  their  vegetativ  e  and 
reproductive  habits  and  in  the  inter-relations  between  these  two 
phases.  Perhaps  the  most  universal  of  the  biogenetic  conditions 
incident  to  the  transition  from  the  vegetative  to  the  reproductive 
I)hase  is  that  change  in  nutrition  which  leads  to  the  aci  innulation 
of  carbon  compounds.  This  is  an  luicrnal  roririiii  lh;il  arises  in 
the  plant  as  a  whole  in  the  course  of  uuiLuriL} ,  iji  cuntrait  witli 
relative  excels  of  nitrogenous  material  that  is  characteristic  of  tlie 
vegetative  stage.  The  dedded  influence  of  nutritive  relatious  in 
regulating  development  and  in  influendng  fruitfulness  has  recently 
been  discussed  by  KsAUS  and  Kraybill  (7),  who  have  emphasized 
the  fact  that  a  well-balanced  development,  especially  in  regard  to 
fruitfulness  of  fruit-bearing  plants,  is  associated  lidtii  a  proper 
baknoe  between  nitrogen  and  carbohydrate  metabolism. 
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It  is  not  to  be  considered,  however,  that  a  single  simple  change 
in  nutrition  is  the  sole  biogenetic  factor  regulating  the  appearance 
of  maturity  an  l  i!s  attending  morphogenesis  of  flowers.  In  llovvcr- 
ing  plants,  such  i>  the  species  of  Brassica  whose  sterilities  are 
reported  in  Llus  paper,  there  is  progressive  ditTerentiation  of  parts 
in  reference  to  metabolic  activities  which  is  most  obvious  in  respect 
to  the  mauutacture,  distribution,  and  consumption  of  food.  It  has 
been  shown  that  there  are  also  special  stimulating  and  inhibiting 
Influences  which  in  a  decided  manner  regulate  and  correlate 
developmeiit  That  these  influences  may  be  substantive  and 
special  (but  metabolic)  and  different  from  food  materials  was 
postulated  by  Sachs  (8)  in  one  of  the  latest  of  his  papers;  that  some 
influences  are  stimulative  and  correlative  in  the  sense  of  nervelike 
impulses  or  even  electrical  stimuli  have  repeatedly  been  shown  in 
studies  of  the  nature  of  transmission  and  excitation  in  phenomena 
of  dominance  and  control  in  correlative  growth  and  devebpment 
(Csno  i). 

It  is  to  be  noted  that  the  complete  life  cyde  of  flowering  plants 
Involves  two  periods  of  vegetative  vigor  and  maturity;  one  for  the 
spofophyte  and  one  for  the  gametophyte.  The  former  culminates 
In  the  production  of  spores  and  the  latter  in  the  j)roduction  of 
gametes.  The  generations  are  antithetic.  In  its  length  of  life, 
yjigat  of  vegetative  growth,  and  reproductive  power  (number  of 
gametes),  the  gametophytic  phase  has  become  relatively  weak  and 
highly  specialized.  In  the  sporophyte  great  vegetative  vigor  is 
correlated  with  great  reproductive  vigor  in  the  production  of  sjwres 
(which  are,  however,  in  themselves  asexual)  and  in  the  nurture  of 
the  gametophyte  and  the  embryo.  Sex  differentiation  in  the  great 
grouf)  of  dowering  plants  has  been  pushed  back  during  the  progress 
of  evolution  into  the  sporophytic  stage  of  the  entire  cycle,  and  here 
sexuality  now  culminates  in  seed  formation  in  which  the  nutrition 
of  the  embryo  is  a  most  important  factor.  Sexual  reproduction  in 
tiicse  higher  plants  has  become  more  and  more  inter-related  with 
the  vegetative  pliase  of  the  sporophyte  and  subject  to  its  internal 
and  biogenetic  regulation. 

Tiic  decided  inlluencc  of  such  regulation  is  seen  in  the  fact  that 
in  the  great  group  of  hermaphrodite  plants,  the  whole  trend  of  the 
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morphological  and  physiological  dirfercntiations  coii^stiluling  sexu- 
ality is  initiated  in  the  morphogenesis  of  flowers.  The  cells  of 
pistils  and  stamens  are  not  onl\-  alike  in  their  prefonned  genetic 
composition,  but  they  are  identical  in  this  particular  with  tlie  cells 
that  entered  into  the  preceding  \egctative  structures.  Correns 
(2)  has  noted  that  the  regeneration  from  sister  cells  of  the  egg  and 
sperm  (the  archegonial  and  aiuliciidi.tl  cells)  in  certain  monoecious 
mosses  shows  that,  at  least  in  hermaphrodite^  and  monoecious 
plants,  maleness  and  femaleness  are  carried  equally  by  both  male 
and  female  gametes.  The  male  gametophytes  and  their  most 
highly  specialized  male  ceUs  are  male  only  because  of  a  temporary 
suppressiaoi  of  femaleness.  Likewise  the  femaleness  of  egg  cells  b  a 
temporary  and  one-sided  expression  of  cells  carrying  both  sex 
potencies.  The  various  es^ressions  of  maleness  and  femaleness 
even  in  the  sex  generation,  at  least  in  hermaphrodite  plantSi 
according  to  Cosrens,  are  **phenotypic"  or  biogenetic  expressions 
independent  of  any  qualitative  differentiation  in  the  component 
units  of  the  germ  plasm.  The  expressions  of  the  so-called  factots 
for  sex  or  the  so-called  inhibitors  of  one  or  the  other  sex  are  hence 
independent  of  corresponding  differentiations  in  gem  pUum  which 
may  have  arisen  dining  sporogenesas.  The  egression  of  sex, 
therefore,  is  on  the  same  bi^  as  are  the  somatic  differentiations 
that  arise  among  the  various  parts  of  the  individual.  It  hence 
becomes  a  most  fundamental  biological  problem  to  consider  and 
to  determine  as  far  as  possible  what  conditions  determine  these 
differences  in  the  level  of  the  so-called  "physiological  gradient" 

Maturity,  with  its  transition  from  the  vegetative  to  the  repro- 
ductive phase,  whether  ^ving  homologous  or  antithetic  altenuition 
or  a  continuation  of  either,  occurs  in  cycle  after  cycle  with  remark- 
able uniformity.  This  emphasizes  the  phylogenetic  or  hereditary 
aspect  of  particular  phases  of  the  development.  One  may  assume 
a  **gene"  or  a  "  factor  "  for  maturity,  and  assume  that  it  is  gradually 
awakened  from  a  dormant  condition  to  the  exercise  of  its  influence 
at  a  particular  tunc  and  in  a  particular  group  of  cells.  One  may 
further  assume  that  the  loss  of  such  a  gene  would  throw  a  line  of 
progeny  mto  a  condition  of  perpetual  immaturity,  so  that  flowers 
or  other  reproductive  organs  could  never  be  formed.  The  evidence 
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is  decidedly  against  such  a  view.  The  loss  of  maturity,  as  seen 
especially  in  the  complete  failure  of  flower  formation,  has  very 
umversally  been  shown  to  be  due  to  the  indirect  influence  of  such 
external  factors  as  light,  heat,  and  nutrition  on  the  metabolism 
and  attending  correlations  in  the  orpanism  (sec  numerous  papers 
b>'  MoBTUS,  VocHTiNG,  Klebs,  Sachs,  and  Goicukl,  and  recent 
papers  by  (iArner  and  Allari>  5  and  6,  and  by  Setciiell  9).  ^ 

That  species  or  strains  showing  flower  abort  inn  and  physiological 
incompatibility  are  diilerent  genetically  from  others  that  do  not 
show  such  sterilities  is  oh\nous.  That  these  types  of  sterility  are 
more  completely  hereditary  in  some  species  than  in  others  is  clear. 
That  these  characteristics  are  not  delmiiely  and  directly  represented 
as  such  in  the  germ  plasm  b}-  hereditary  units  is  very  evident 
from  the  results  of  genctical  studies.  Self-compatibility  and  self- 
incompatibility  especially  are  not  found  to  be  alternative  conditions 
in  tests  by  crossing  or  in  line  breeding;  the  heredity  is  decid- 
edly irregular  and  sporadic  even  when  onnpatibilities  are  not 
cydic  in  their  appearance  as  they  are  in  Brasska  ckinensis  and 
B.  pek$9ieHsis. 

The  various  types  of  sterility  seen  in  these  species  of  Brassica 
decidedly  indicate  a  miitually  limiting  relationship  between  vege- 
tative and  reproductive  vigor.  Their  irregular  inheritance,  their 
appearance  at  definite  periods  in  the  cyde  of  development  of  the 
plant  as  a  whole,  and  especially  the  cydic  manifestation  of  self- 
compatibility,  indicate  that  the  morphological  and  physiological 
differentiations  of  sex  are  related  and  determined  by  those 
internal  and  biogenetic  processes  which  in  general  determine  the 
cycle  of  growth,  development,  and  maturity  in  the  life  of  the 
individual. 

Nsw  You  BoTAmcM.  G  arokn 
BioMX  Pass,  N.Y. 
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THE  P£LTATE  PEPEROMIAS  OF  NORTH  AMERICA' 

WllLXAK  TSBLBASl 

(wrra  PLATES  1-iv) 

A  herbaceous  pepper  lium  Sanlo  Duuiiugo.  with  large  slightly 
peltate  leaves,  was  called  Piper  maculosiim  by  Linnaeus  in  1753, 
the  year  conventionally  agreed  upon  as  the  starting  point  in 
phanerogamic  nomenclature.  Tlus  species  was  transferred  to 
Peperomia  by  the  elder  Hooker  in  1825.  When  Ruiz  and  Pa  von 
established  the  genus  Peperomia  in  1794,  they  included  in  it  three 
Peruvian  upedes  with  pdtate  leaves;  one  af  these  they  named 
F*  umbUkala  and  one  P,  variegata.  In  1804  Vahl  described,  as 
Piper  kemandiftUum,  a  fifth  qiedes,  from  the  West  Indies,  with 
such  foliafe.  Dieisxch  leoognlaed  this  as  a  Pepercmia  in  1831. 
Another  South  American  Peperomia  was  described  m  181 5  by 
Htoiboldt,  B0MPLA2n>,  and  Kumtb,  who  also  found  in  Menoo 
what  they  took  for  the  Peperomia  umbHieala  of  Ruiz  and  Pavon. 

Following  these  detenninattons,  most  of  the  Mexican  spedmens 
with  centrally  peltate  foliage  have  been  caUed  P.  umhUicaia;  but 
Martens  and  Galeotti  differentiated  a  dose  counterpart  of 
P.  umbilieaia  in  1843,  ^  ^  ^  diminutive  species  with  barely 
peltate  leaves.  On  the  latter,  before  the  Belgian  botanists  had 
secured  printing  of  thdr  account  of  Galeoth's  mmierous  dis- 
coveries in  the  Mexican  flora,  MlQUEL,  who  was  engaged  on  a 
monographic  study  of  the  Pipcraceae,  based  the  name  TUdenia 
mrxirana,  and  transferred  it  to  Peperomia  under  the  same  specific 
name  in  1S43  ^  classic  monograph  of  the  Piperaceac,  where 
their  other  peltate  species  appears  as  P.  monticola,  and  which  also 
added  the  Brazilian  peltate  species  P.  arifoUa  now  so  much  culti- 
vated in  a  ??ilven,'-slriped  variety.  A  Guatemalan  spedes  rather 
closely  comparable  in  some  respects  with  tlie  original  P.  umhilicaUt 
was  named  P.  claytonioides  in  1847  by  Kunth,  to  whom  are  com- 

'  Presented  in  abstract  before  the  Systematic  Section  of  the  ft?**"*"'  Society 
of  America  at  Toroato,  December  29,  igai. 

i^j]  [Botanical  Gazette,  vol.  7^ 
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monly  attributed  the  names  used  in  the  joint  publication  of  Hum- 
boldt, BoxPLANi),  and  Kunth. 

As  a  result  of  studies  preliminary  to  his  own  monograph  of 
the  I'ipcraceae,  in  1866  I.)f.  Candoi.i.f,  added  two  South  American 
species  to  the  P.  umhilicata  group,  as  well  as  one.  P.  ovulo-peltaia, 
questionably  based  on  both  Mexican  and  Costa  Riran  material  and 
scarcely  distinguishable  today,  and  a  caulescent  sul)peltate  species, 
P.  cordulata,  from  Panama.  Shortly  after  the  pubUcation  of 
De  Candolle's  mouograph  in  1869.  he  gave  publicity  to  a  diminu- 
tive Mexican  species,  P.  fugax,  which  Lh.hmann  had  discovered 
and  named  in  manuscript,  iu  addition  to  two  scarcely  fiilieicntiablo 
larger  peltate  sjK-cies,  P.  Muelleri  and  P.  Hourgcaui,  from  eastern 
Mexico.  Slightly  antedating  tlic  publication  of  these,  Baker 
described  another,  P.  puberula,  very  closely  related  to  them,  from 
Gautemalan  plants  cultivated  in  England. 

It  was  not  until  1887  another  addition  was  made  to  the 
P.  umbUieata  group,  when  Watson  distinguished  in  what  he 
GRUed  P.  gracUHma  a  west  Mexican  oounteipart  of  the  original 
Peravian  spedes  and  its  representatives  in  eastern  Mexico  and 
Guatemala.  Four  years  later,  Ds  Camdolix  described  P.  scukUaia, 
of  Costa  Rica,  and  in  the  course  of  the  following  decade  further 
named  an  additional  peltate  species,  P.  maerandra  from  Mexico; 
and  from  Central  America  added  five  others,  P.  petkUa,  P.  sciapkOat 
P.  Tvmkheimi,  P.  teeUcaia,  and  P.  podocarpa;  and  in  1902 
P.  BakerH  was  described  by  him  from  Cuba. 

At  the  end  of  the  century  all  of  the  available  material  was  gone 
over  critically  by  Dahistsdt  in  an  exhaustive  revision;  but  an 
•even  more  fruitful  comparative  study  of  the  ooim-producing  group, 
centering  about  P.  umHlkoia,  was  made  nearly  a  decade  later  by 
A.  W.  Hnx,  whose  Andean  field  observatums  and  seedling  studies 
•of  the  geophilous  species  led  to  a  very  satisfactory  morphological 
distinction  between  North  American  and  South  American  groups, 
centering  req>ectively  about  P.  umbilh  ata,  and  the  Mexican  forms 
that  had  been  mistaken  for  or  too  closel>'  connected  with  that 
Peruvian  plant.  In  addition  to  describing  several  new  peltate 
species  from  the  southern  continent,  he  differentiated  under  the 
name  P.  campyMropa  what  appeared  to  be  the  most  frequent^ 
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encountered  northern  surro«:?,te  of  the  true  P.  umbilUata,  and  added 
a  new  Guatemalan  species,  F.  bracteata. 

The  puq)osc  of  the  present  paper  is  to  outline  succinctly  the 
result  of  a  preHminary  study  of  the  jieltate-Ieavcd  species  of 
Pcperomia  of  North  America,  inclusi\  c  of  the  West  Indies,  based 
chietly  on  the  extensive  collections  of  the  United  States  National 
Herbarium  and  the  New  York  Botanical  Garden.  For  the  privilege 
of  ex.unming  these,  I  am  greatly  indebted  to  Mr.  M  vxov  and 
Dr.  Britton.  No  eHort  is  made  here  to  give  full  descripuons  or 
citations;  but  the  admitted  species  are  keyed  apart  sufficiently 
for  their  present  characterization,  and  reference  is  made  to  all 
pubBcatknis  affecting  their  nomenclature. 

Although  they  agree  in  possessing  more  or  less  strikingly 
peltate  foliage,  the  plants  here  accounted  for  constitute  four 
natural  groups  of  spedes,  of  which  the  first  three  are  interrelated, 
whDe  the  fourth  has  little  in  oonunon  with  the  others  except  that 
it  falls  within  the  generic  Umits  of  FeperomM  as  these  are  now 
drawn.  Each  of  the  first  two  groups  is  subdivisible  into  minor 
groups  on  floral  as  well  as  vegetative  characters.  These  distinc- 
dons  are  suflkiently  evident  from  the  synopsis  without  sqMuate 
discussion.  Except  for  the  very  distinct  fourth  group,  Hemandi* 
foliae,  all  are  continental. 

Synopsis  of  groups 

Acaulesrent ;  pistil  not  in  .1  pit;  stigma  apical 

From  a  round  or  lens-shaped  corm;  glabrous  ,  CAllPVL0rE0PA£ 

SuliiiiwMdatous;  glabrous;  dintbutfve  Mkxicanab 

Sttbdummatons;  g^labcotis;  mther  large  Maceansbak 

Substoloniferous;  pubescent;  diminutive  TOEKCXHBIIIIBAB 

Shortly  caulescent;  pistil  not  in  a  ()it;  stigma  subipical 

Small  and  delioite;  somewhat  pubescent  ,  Fugaces 

Moderately  lai^e  Aki70UA£ 

Repent;  modemtely  lai|e;  piidl  not  in  a  pit;  stigma  apical . .  CoRDiriAXiioiiiis 

Repent ;  rather  large;  pisdl  in  a  pit,  beaked;  stigma  at  base  of 

beak  Ubknandhouax 

Campvlotkopas 

Rather  small,  acaulescent  from  a  snioolh  corm.  glabrous;  leaves 
peltate  near  the  middle  or  well  above  the  base;  spikes  usually  very 


136 


BOTANICAL  GAZETTE 


slender  and  loosely  flowered;  bracts  oblong-ovate,  pointed;  pistil 
not  immersed  in  the  rachis;  stigma  apical. 

Leaves  or!)iailar,  rarely  subacutninatc;  scapes  unbranched 
Filaments  scarcely  protruding  beyond  the  bract;  berries  essentially  sessile 
Stigma  sessile 
Ovary  blunt 

Berries  etlipMid  P.  montkda 

Benies  globose.  P.  Pa  inieri 

Ovary  subacxite  P.  astyla 

Stigma  on  a  more  or  less  evident  style 

Style  or  stylopodium  broadly  conic  P.  Parryana 

Style  dendieraiiic  P,  tmtmmemtala 

rather  abruptly  cytindric  P.  wmfyhtnpa 

Filaments  conspicuously  exserted 

Anther  cells  at  length  divergent  .A  sckitMdrs 

Antlur  cells  not  divergent 

Berries  flask-shaped,  sessile  P.  amphorUarpa 

Benks  ovoid«  subatipiUte  P.  tracSHma 

Leavea  subrhombk-orbicular;  acapea  unbranched  jp*  brtielttm 

Leaves  orbicuUtfHiaimmate;  8Ci4>ea  often  braodied; 
berries  sessile 

Berries  flask-shapetl  with  tapering  style  P.  schizostachya 

Berries  subglobose  with  abrupt  style  P.  dayUmioidts 

Leavea  ovate 

Sc^MB  often  branched;  berries  sessile 

Scapes  chararteristi(  ally  branched  P.  sciaphila 

Many  scapes  unbranched   ,P,  ovalo-pefMfa 

Scapes  unbranched;  berries  stipiUlc,  with  slender  style  P.  pduiia 

Pepfromlx  moxttcola  Miqiicl,  Syst.  Piper.  71.  1843. — Piper 
{^Pepcromia)  /i yd rocolyli folium  Martcn.s  and  Galeotti,  Bull.  Arad. 
Bruxelirs  lori^g.  j,.—  :*Prpcrofnia  umbiUcata  tnafrophylla  CDC. 
in  DC.  Prodr.  i<Sf)9.~Acaulescent;  glabrous  throughout; 

leaves  round,  centrally  peltate.  3.5-5.5  cm.  in  diameter;  benies 
sessile,  ellipsoid;  stigma  sesnile  at  the  apex. 

SoutlnTii  ( "oil iillera  "f  Mexirn,  the  type  fron\  lu'ar  Tehuacau,  Puebl. 
(fjiUeoUi  Oo2j,  which  is  ul-so  the  type  oi  Piper  hydrocotylijoiium). 

As  ivith  P,  mexkana^  this  was  distinguished  and  described  by  its  dis- 
coverer, hut  antedated  in  publication  by  another,  as  nas  true  alio  of  two  of 
GALBom's  Mexican  oaks. 

P«9«foiBU  Paiatefif  n.  sp.—fPeperomia  umHlkata  smhacuU- 
folia  CDC.  in  DC.  Prodr.  16*:  394.  1869.— AqMct  and  geaeml 
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characters  of  the  preceding;  leaves  T.5-2  cm.  in  diameter;  berries 
globose;  stigma  sessile  at  the  apex.— Fig.  5. 

Table-land  and  adjacent  Cordillera  of  Mexioo,  the  type  £rom  Ixmiquiipan, 
Hidalgo  (.Rose,  Fainter,  and  Rose  8966). 

P^q^eromia  astyk,  n.  sp.— Aspect  of  the  preceding;  leaves 

1.  5-2  .5  cm.  in  diameter,  sometimes  blunt-acuminate;  ovary  ovoid- 
flask-shaped,  subacute;  stigma  apical — Fig.  4. 

Western  Sierra  Biadre  of  Meooo,  the  type  txom  Lake  PatBCuani,  Mich* 
OBcaa  (Frmnfe  4t34)' 

Pe^eramia  Paixyanay  n.  sp. — Aspect  of  the  preceding  but  the 
scapes  8<mietimes  so  cm.  long;  ovaiy  roimd'Ovoid,  t^ieiing  into 
a  short  broadly  conic  disk  or  style;  stigma  apical.^F!g.  7. 

EtstCfB  Siena  Madie  and  adjacent  table-land  of  Meiioo,  the  type  fnm, 
about  San  Luis  Potoei,  S.L.P.  (Pony  and  Pdmer  Boa), 

With  more  tiliforra  spikes  and  larger  broadly  conic  style,  it  is 
vai  .  borealis,  n.  var. 

Type  from  La  Silla,  Monterrey,  N.L.  {tringU  3018). 

Peperomia  tenuimucronata,  n.  sp. — ^Aspect  of  the  preceding 
qpedes;  ovary  flask-shaped,  slenderly  attenuate;  stigma  apical. — 
Fig.  IS. 

Westem  Sierra  Ifadre  of  ^^cxku.  and  Cape  region  of  Baja  Califomia,  the 
type  from  near  Santa  Teresa,  Tepic  {Rtaa  3432). 

FfiFERomA  CAMPYLOTROPA  Hill,  Ann.  Botany  21  $156.  1907. — 
Aspect  of  the  preceding  species  and  taken  as  typical  of  the  group 
which  they  constitute;  leaves  1.5-3.5  cm.  in  diameter;  berries 
round-ovoid,  with  a  short  cylindric  style;  stigma  apical. — ^Flg.  10. 

Mexican  taUe-land  and  adjacent  mountains;  taken  to  be  ^.  mikUkata 
HBK.  (not  Ruiz  and  Pavon),  the  type  of  which  was  ftom  Santa  Rosa  de  hi 
SieiTa  iMmMA), 

Pepeiomia  schitandra,  n.  sp.— Aspect  of  the  preceding;  leaves 
4-5.5  cm.  in  diameter;  stamens  somewhat  eiserted,  their  anther 
cells  at  length  widely  q>readmg;  berries  ovoid,  somewhat  acumi- 
nately  pomted;  stigma  apicaL— Fig.  i. 

Western  Sierra  Madre  of  Mexid>,  the  type  from  Bolafioe,  Jal.  {Rost  ^883). 
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Peperomia  amphoricarpa,  n.  sp. — Aspect  of  the  preceding; 
stamens  exserted;  ovary  oblong;  berries  ovoid-flask -shaj)e<l, 
gradually  attenuate;  stigma  apical,  for  a  time  wiiite-lunbriate. — 
Fig.  II. 

Southern  Cordillera  of  Mexico,  the  type  from  Che  Ccrro  San  rtlipe.  O.ix. 
{Nelson  1139).   Presumably  it  was  this  which  Ma&tens  and  Galeotti  took  ' 
for  P.  iifwUftcsato.  , 

Peperomia  gracillima  S.  Wats. — Peperomia  gracillima  S.  , 
Wats.,  Proc.  Amer.  Acad.  22:448   1887. — Aspect  of  the  preceding;  1 
leaves  T.5-2  or  even  4  cm.  in  diameter;  filament-s  exserted  beyond 
the  bract;  ovary  ovoid,  (Pnormally)  stipitately  contracted,  with 
a  stout  style;  stigma  apical.^ — Fig.  6. 

Western  Sierra  Madre  of  Mexico,  the  type  from  the  Rio  Blanco,  new 
Guadalajara,  Jalisco  {F aimer  585). 

Peperomia  bracteata  Hill,  Ann.  Botany  21:155.  19^7  • — 
Aspect  of  the  precediog;  leaves  subrhombic-orbicular,  slightly 
blunt-pointed,  2-3  cm.  in  diameter;  berries  subfusifonn-globose, 
ifnth  a  thick  tenmnal  disk  or  stytopodhun;  fttigma  apical. 

Guatemala,  the  type  from  Sactos,  Hudiuetenango  (SUer  2743). 

Peperomia  schizostachya,  n.  sp. — ^Aspect  of  the  preceding;  1 
leaves  subangularly  ovate,  more  or  less  cuspidate  or  deltoid- 
pointed,  2X2.5-5X7  cm.;  scapes  simple  or  forked;  berries  flask-  ' 
shaped,  attenuate;  stigma  apical. — ^Fig.  a. 

Costa  Rica,  the  type  from  the  Rio  Virilia,  near  San  Juan  {Totuiuz  10106* 
7273). 

Peperomia  claytonioides  Kunth,  Index  Sem.  Hort.  Berol. 
1847:11. — A<:pect  of  the  preceding;  leaves  ovate  or  round-ovate, 
more  01  Ic.^--^  acuminate.  2-4  cm,  in  diameter;  spikes  character- 
istically 2  or  3  at  end  of  the  brandling  scape;  berries  subglobose- 
cylindric,  with  an  abrupt  style;  stigma  apical. 

Guatemala,  the  type  cultivated  from  an  unrecorded  Guatemalan  locality. 

With  scapes  much  longer  than  the  leaves,  and  bearing  4-6 
alternate  branches  near  the  end,  it  is  var.  lirngteeuMi  CDC, 
MS.  n.  var.— Fig.  13. 

Guatenala,  the  type  {Bemkardi^  fkom  an  nnq>edfied  locdity. 
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With  scapes  scarcely  surj^assing  the  leaves,  bearing  4-6  sub- 
apical  spikes  scarcely  3  cm.  long,  ii  is  var.  pinulana  CDC,  MS. 
n.  var.  {l\  pinuhina  CDC.,  liot.  Jahrb.  10:289.  iSSg). 

Guatemala,  the  type  from  Pinula,  near  Xalapa  {Lchimnn  1693). 

Peferomia  sciaphila  CDC,  Ail  Inst.  Fis.-Geogr*  Costa 
Rica  9: 175.  (1898  ?). —  ?Peperomia  ovata-pdkUa  Auct,  as  to  Costa 
JRka. — Acaulesoent;  leaves  broadly  ovate,  blunt-acuminat^ 
rounded  at  base,  peltate  below  the  middle;  spikes  scarcely  2  cm. 
long,  2~7  nearly  sessile  at  end  of  a  filiform  scape  sttipassing  the 
leaves;  ovary  ovoid,  subacute;  stigma  apical. — ^Fig.  14. 

Co^ta  Kka,  the  type  from  the  Rk>  Vuilbi  near  San  Juan  (Tcndut 
9630)- 

FEPESOmA  ovATO-PEXTATA  CDC,  JouT.  Botatty  4:132. 
1866.— Aspect  of  the  preceding;  leaves  broadly  ovate,  acuminatei 
peltate  one-third  above  the  rounded  et  subcotdate  base;  ^ikes 
solitary  or  3  or  3  near  the  ^d  of  a  filiform  scape  equaling  or 
surpassing  the  leaves;  ovary  round-ovoid,  contracted  into  an 
equilong  fleshy  style;  stigma  apical. 

A  prohlematk  species,  perii^»  representing  a  depauperate  form  of  the 

preceding  and  if  so  to  replace  it  in  name.  Two  specimens  (New  Spain,  Pavm; 
Cmtn  Rica.  Flo  ffnurttn  521)  are  mentioned  with  the  original  desaription,  but 

both  are  que^liontKl  there. 

Pepekomza  peltata  CDC,  Ann.  Conserv.  and  Jard.  Bot. 
Gent\  e.  2:277.  1898.— P.  pedicellata  Dahlst.,  Svensk.  Vet.-Akad. 
Hand!.  da':35>  1900. — P.  ovato-pdtatu  Auct.,  as  to  Guatemala. — 
?P,  mexicana  Auct.,  as  to  Guatemala. — ^Acaulesoent;  leaves 

broadly  ovate,  subacuminatc.  truncately  cordate,  peltate  toward 
the  base.  2X3-3X4  or  5  cm.;  scape  unbranched;  berries  long  and 
slender,  tapering  into  an  extremely  slender  stipe;  stigma  apicaL — 
Fig.  15. 

Gu.itemala,  the  t^-pc-  fruni  Santa  Rosa  (/.  D»  Smith  3829,  wliich  is  also 
the  type  collection  of  i*.  pedkcUaU). 

Mexicanab 

Diminutive,  subacaulescent  from  a  small,  finally  branching 
rhizome;  glabrous;  leaves  pillule  at  tiie  very  base;  peduncles 
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unbranched;  spikes  iililurm,  loosely  flowered;  bracts  ovate, 
pointed;  pistil  not  immersed  in  the  rachis;  sti^ia  apical. 

Leaves  ovate-oblong,  style  slender  ,  mexk<ma 

Pepekoioa  hexicana  (Miq.)  Miqud,  Syst.  Piper.  75.  1843.— 
Tildema  mexkana  Miqud,  Diar.  Inst  Reg.  NederL  83.  1842. — 
Piper  {^epenmia)  pmdium  Martens  and  Galeotd,  Boll.  Acad. 
Roy.  Bruzelles  20:130.  1843. — Peperomia  Gdeotiiama  Hooker, 
loon.  Plant  4.  pi.  327.— Essentially  acauleacent,  ftcm  a  short 
rhizome,  very  small,  glabrous  throughout;  leaves  ovate  and  obtuse 
or  characteristically  lance-ovate  or  elliptic-ovate  and  attenuate, 
peltate  extremely  close  to  the  base,  8Xi2-ioX3S''30i>^;  spikes 
aoHtaiy  at  end  of  filiform  scapes  twice  as  long  as  the  petioles; 
berries  oblong,  i>ointed;  stigma  apical.— Fig.  3. 

Eastern  Sierra  Mad  re  of  IStnco,  the  type  from  Mitador,  Vers  Cms 
{QUeoUi  7111,  wfaicfa  is  alio  the  type  of  Fiper  pamihm). 

Macrandrae 

Moderately  large,  subacaulescent  from  a  sh'>rt  branching 
rhizome,    glabrous;    leaves  peltate  below  the  rm  l  il  ?;  scapes 
unbranched;    spikes  loosely  flowered;    bracts  ovate,  pointedi 
pistil  not  immersed  in  the  racliis,  stigma  apical. 
Leaves  etongated-ovate;  berries  obUing  P.  macrandra 

Pefxroioa  ifACSAMDRA  CDC,  Aim.  Conserv.  and  Jaid.  Bot. 
Gen^e  2:276.  1898. — ^Essentially  acaulescent,  from  a  short  thick 
polycephalous  rhisome,  glabrous  throughout;  leaves  ovate,  acum- 
inate, peltate  toward  the  base,  2.5X4-4.5X7  cm.;  spskes  solitary 
at  end  of  scapes  rather  surpassing  the  petioles;  filaments  ezserted; 
beiries  ellipsoid-oblong,  (teratologicaUy?}  gradual^  tapering  into 
an  equilong  style;  stigma  apical. 

Southern  ConUUem,  Mexico,  the  type  from  San  FeUpe,  Osx.  (Mijfo 
4«S4). 

A  large  form,  presumably  from  the  same  geographic  region, 
with  lound-ovate  leaves  as  much  as  8X10  cm.  and  shorter  beak 
on  the  fruit,  is  var.  amptet  n«  var. 

Type,  without  other  data,  occurring  in  the  United  States  Nstlonsl  Her^ 
barium  as  Pnn^  13283.— Fig.  8. 
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Diminutive,  subacauleacetit  fiom  a  short  dusome,  flpusely 
villous;  leaves  pdtate  toward  the  base;  pedundes  unbranched; 
spikes  filiform,  loosely  flowered;  bmcts  round-ovate,  scaicdy 
pointed;  pistil  iu>t  immeised  In  the  racfais;  stigma  apicaL 
Leaves  ovate,  small  F,  Ttutekh^nU 

P£PEROifi/i  TDERCKHEDm  CDC,  Anu.  Conserv.  and  Jaid. 
Bot.  Gendve  2:279.  — ^Nearly  acaulescent,  small,  dingy- 
viUous;  leaves  alternate,  ovate,  acute,  peltate  toward  the  base, 
sX3.5cm.  with  equilong  petiole;  qiikes  arillaiy,  fiHform,  short 
(so-4omm.);  berries  ovoid,  subacute;  .stigma  apicaL — F|g.  9.  * 

Guatemala,  the  type  fiom  Pansamala  (vim  TumUiem  433). 

FUGACES 

Diminutive,  caulescent,  slightly  pubescent;  leaves  peltate 
toward  the  base;  peduncles  unbranched;  spikes  filiform;  pistil 
not  immersed  in  the  rachis;  stigma  subapical. 

Leaves  ovate;  ^ikes  pubescent  P.ft^n 

Peperomia  fugax  Liebmann,  in  CDC,  Linnaea  37:370. 
"187 1-3." — Shortly  caulescent  (3  cm.  high),  locally  hairy;  leaves 
alternate,  ovate,  acute,  peltate  toward  the  base,  cUiolate,  scarcely 
10x13  mm.,  on  an  even  shorter  hairy  petiole;  spikes  axillary; 
ovary  ovoid;  stigma  suboblique. 

Fa  stem  Sierra  Madxe,  Mexico,  the  type  from  Mizador,  Vera  Cms  (Ziafr- 

mann), 

Aruouae 

Moderately  la^,  with  a  usually  evident  thick  erect  stem  from 
arhisome;  leaves  peltate  below  the  middle;  peduncles  unbranched; 
^ikes  moderately  slender  and  closely  flowered;  bracts  orbicular; 
lustil  not  immersed  in  the  rachis;  stigpia  subapical. 


Glabrous  F,  ar^clia 

Pubescent 
Spikes  rather  thick 

Stigma  obliquely  subses&ile  P.  pulwula 

Stigma  on  a  short  style  P.  Muetteri 

Spikes  scarcely  i  mm.  thidk  P.  txthoUi 

Spikes  1-3  mm.  thick  P  KUiipi 
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Peferomia  akifolia  Miqudj  Syst.  Piper.  7a.  1843.— Shortly 
caulescent,  aicculent,  glabrous;  leaves  alternate,  round-ovate, 
subacute  or  short-pointed,  peltate  toward  the  truncately  sub- 
cordate  base,  5-6x6-9  cm.,  the  petiole  nearly  as  long;  spikes 
terminal,  solitary,  about  100  mm.  long,  on  nearly  equilong  pe- 
duncles; berries  ovoid;  stigma  essentially  sessile  at  or  very  near 
the  end. 

A  Brazilian  species,  the  type  cultivated  in  Europe;  common  evcr>'whcre 
in  conservatories  in  the  nearly  acaulLsi  tut  silver  stripid  var.  nr^yrn'a  (or 
P.  Saundersit);  reported,  doubtless  in  cuUivation,  for  Bermuda;  ami  rep- 
resented by  a  var.  acntifbUa  CDC,  n.  var.,  with  acute  smaller  leaves  3.5X5.5 
cm.,  on  petioles  7.5  on.  kmg,  cultivated  in  Switaerland  fmn  Casta  Rican 
(?cultivatod)  material. 

Feskbsoha  puberula  J.  G.  Baker,  in  Saunders,  Ref.  Bot 
5>  ^.  302,  1871. — Shortly  caulescent,  rather  succulent,  somewhat 
velvety;  leaves  alternate,  broadly  ovate,  subacute  or  abruptly 
short-pointed,  peltate  toward  the  rounded  or  subcordate  base, 
3X4-6X7  cm.,  the  petiole  of  more  or  less  equal  length;  spikes 
terminal  and  axillary,  50-100  mm.  long,  on  somewhat  shorter 
pedundes;  benies  obovoid,  the  subsessile  stigma  slightly  oblique.-^ 
Fig.  17. 

Guatemala,  the  t3rpe  cultivated  in  En^and  from  Alta  Vera  Paz. 

Peperomia  Muelleri  CDC,  Linnaea  37:366.  "1871-3." — 
Peperamia  Bourgeaui  CDC,  Linnaea  37:370.  **  1871-3." — Shortly 
caulescent,  rather  succulent,  gray-pilose;  leaves  alternate,  broadly 
ovate,  more  or  less  acuminate,  peltate  toward  the  subcordate 
base,  4-6X6-7.5  cm.,  the  petiole  slightly  shorter;  spikes  terminal 
and  axillary,  slider,  equaling  or  surpassing  the  leaves,  the  pe- 
duncle shorter  than  the  petiole;  berries  round-ovoid,  oUiquely 
short-mucronate,  terminated  by  the  stigma. 

Eastern  ^rra  Madre,  Mexico,  the  type  from  Orisaba,  Vera  Crua  (JUtutter 
653);  that  of  P.  Bowgeam  from  the  Rio  Blanco  near  Orisaba  (^surfwif  3a3o). 

Pbpbroiiza  TEcncoLA  CDC,  An.  Inst  Ffo,-Geogr.  Costa 
Rica  9:175-  ( 1 898  ?)  .—Shortly  caulescent,  rather  succulent,  loosely 
short-haiiy;  leaves  alternate,  ovate  or  elongate-ovate,  somewhat 
acuminate,  peltate  toward  the  rounded  or  shallowly  suboordatft 
base,  3  x4  cm.,  the  petiole  about  equilong;  spikes  terminal  or 
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axillan,',  solitary.  80-120  mm.  long,  densely  flowered,  on  peduncles 
about  as  long  as  the  petioles;  bracts  round-peltate;  berries  round- 
ellipsoid;  stigma  oblique. 

Costa  Rica,  the  type        San  Joa£  ij'ondui  7262,  in  a  tool  gutter). 

A  form  mth  larger  leaves  3-3.5X6^00.  and  spikes  fully 
150  mm.  long.  Is  var.  muiicoltf  n.  var.,  Costa  Sica,  the  type  Ixom 
San  Juan  (rMiiis  10146,  on  a  wall). — ^Fig.  16. 

Peperomia  Ki]]i|ii«  n.  sp. — ^Shortly  caulescent,  rather  succulent, 
glabrate;  leaves  alternate,  lound-ovate,  somewhat  blunt-attenuate, 
barely  subpdtate  at  the  rounded  or  slightly  cordate  base,  dfiolate, 
3-3.5  cm.  long  and  wide,  the  petiole  about  equilong;  spikes  termi- 
nal or  axillary,  solitary,  60  mm.  long,  densely  flowered,  on  elon- 
gated peduncles;  bracts  round-peltate;  berries  round-ovoid;  stigma 
oblique. 

Panamat  the  type  from  Alhajuela,  cm  the  Chl«res  River  {JCiUip  jaiS), 

CORDULATIFORMES 

^loderately  large,  repent  or  ascending,  rooting  from  some 
nodes;  leaves  in  part  barely  subpeltate  at  the  very  base,  alternate; 
spikes  solitary,  terminal  or  opposite  the  leaves,  closely  flowered; 
bracts  orbicular;  pistils  not  immersed  in  the  rachis;  stigma 
apical. 

Glabrous;  berries  sessile 

Spikes  imdier  thick  P.  corduUUa 

Spikes  scaicdy  I  nun.  thick  tofdutolifomtis 

Somewhat  huiy;  berries  stipitate  P.  pedocarfa 

Pefekoioa  cokduiata  CDC,  Jour.  Botany  4:137.  1866. — 
Ascending,  ghibrous,  slender;  leaves  alternate,  rpund^ovate  or 
ovate,  subacute,  obscurely  subpeltate  at  tfie  subcordate  base, 
5.5X7  an.,  the  petiole  about  x  cm.  long;  spikes  terminal,  solitary, 
150  mm.  long;  berries  ovoid-acute;  stigma  oblique. 

Psnaina,  the  t>'pe  {Fettdler  365)  from  an  unrecorded  locality. 

Peperomia  cordulatiformis,  n.  sp.^ — Ascending,  glabrous,  rather 
succulent;  leaves  alternate,  round-ovate,  bluntly  short-acuminate, 
obscurely  subp)eltate  at  the  cordate  base,  3.5X5-5X6  cm.,  the 
petiole  about  z  cm.  long;  spikes  opposite  the  leaves,  solitary. 
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iiiiform,  scarcely  50  mm.  long;  berries  round-ovoid;  stigma 
oblique.— Fig.  19. 

Panunft,  the  type  from  Mamei  UiU  in  the  Canal  Zone  {JPiltier  ^806)* 

Pepbrohia  poik)cabpa  CDC,  An.  Inst  Fl8.-Geogr.  Costa 
Rica  9:175.  (1898?). — ^Repent,  more  or  less  pilose,  delicate,  the 
stem  scarcely  over  i  nim.  thick;  leaves  alternate,  broadly  ovate, 
cuspidate,  peltate  near  the  roonded  base,  4x6  mm.,  the  petiole 
shorter  than  the  blade;  spikes  paired  on  short  azillaiy  or  terminal 
stalks,  very  slender  and  diort  (0.5X15  mm.)  and  short-pedimded; 
berries  oblong-eUqMoid,  slender-stipitate»  obtuse. 

Costa  Rica,  the  type  from  £1  Gcnefal  {Fittier  10595). 

Hesnandepoliae' 

Rather  large,  repent  and  rooting  from  the  nodes;  leaves 
variously  peltate,  alternate;  spikes  solitary,  or  paired  on  a  common 
stalk,  closely  flowered;  bracts  orbicular;  pistils  sessile,  immersed 
In  ovoid  pits  in  the  rachis,  beaked,  the  stigma  at  base  of  the  beak 
and  exposed  at  the  level  of  the  radiis;  the  ghiUnous  berries 
finally  broken  loose  and  extruded  at  right  angles  to  the  contracting 
rachis. 


Usually  puberulous,  berries  subovoid . . . 

Leaves  dUate;  berries  cylindtic  

Glabrous 

Leaves  round-ovate  

iieaves  lance-ovate,  barely  subpeltate 


P.  kemandi/olia 
 P.  Bakeni 

. . .  .P.  scukilata 


PSFEKOMIA  HERKANDI70UA  (Vshl)  A.  Dletr.,  Sp.  1 1 157.  183I. — 

Piper  hemandijolium  Vahl,  Enum.  1:344.  t'^o^—Peperoima  Paih- 
tkiem  Miq.,  Syst  Pqier.  186.  i843.~Repent,  somewhat  succulent, 
usually  puberulous,  the  stem  2  mm.  thick  with  elongated  inter* 
nodes;  leaves  alternate,  broadly  ovate,  somewhat  obliqu^ 
acuminate,  rounded  at  base  or  subcordate,  peltate  bebw  the 
middle,  4-5X6-^  or  even  8X12  cm.,  the  petiole  4-10 cm,  long; 
spikes  I  or  2  at  end  of  an  axillary  i-bracted  stalk  3-4  cm.  long, 
30-50  mm.  long  with  an  equilong  peduncle;  berries  oblong-ovoid, 

The  Antillean  P.  disUuhya,  representative  of  a  related  group  of  species,  aom^ 
times  has  leaves  baicly  subpeltate. 
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with  a  slender  flexuous  beak;  stigma  anterior  at  base  of  tbe  beak, — 
Fig.  18. 

Thrott^  the  West  Indies  (to  whidi  the  type  ts  ascribed)  snd  nadung 
Vencsuela. 

In  the  Eastern  Siena  Madre  of  Mexioo  it  is  represented  by  an 
ahnost  entirely  glabreaoent  fonn,  var.  calft,  n.  var.,  the  type  of 
which  Is  from  Orisaba  {Botteri  1158). 

A  Costa  Rican  fonn,  glabresoent  except  that  the  rather  large 
leaves  are  ciliate,  is  var.  dUifeia,  n.  var.,  the  type  from  Estrella, 
Cartago  (Cooper  5917). 

A  glabrate  Costa  Rican  form  with  filiform  peduncle  is  var. 
Mpes,  n.  var.,  the  type  from  La  Pahna  {Tondm  12539). — ^iS- 
habit. 

With  even  the  upper  face  of  the  coriaceous,  abruptly  short- 
acuminate  leaves  puberulcnt,  it  is  var.  cryptocarpa,  n.  var.,  the 
t}^c  from  near  the  Finca  Sepacuite,  Alta  Verapaz,  Guatemala 
{Cook  and  Griggs  533). 

I^KPKROMIA  Bakekii  CDC.  in  Urban,  Sv-nibolac  Antillanae 
5:296.  1902. — Of  the  aspect  of  P.  hernandijolia  and  scarcely 
separable,  but  with  ciliate  leaves  and  more  cylindrical  slender- 
beaked  berries. 

Cuba,  the  type  from  Lotnas  de  Taro-Taro,  Pinar  del  Rio  {Baker  3S33). 

Pepefmnia  peltilimba  CDC,  n.  sp. — ^Repent,  glabrous,  rather 
thick-stemmed;  leaves  alternate,  round-ovate^  sharply  acuminate, 
peltate  toward  the  rounded  base,  3.5-5X4-5.5  cm.,  fhe  petiole 
scarcely  as  long  as  the  blade;  spikes  pdred  on  bracted  stalks, 
relatively  thick  and  short  (3  x25  mm.);  ovaiy  ovoid,  obliquely 
beaked,  the  5;tigma  anterior  on  the  beak. 

Costa  Rica,  the  type  Iroin  San  Ramon  (Awmt  14178). 

Fefbromia  8CDTBIIATA  CDC,  BuU.  Soc  Roy.  Bot  Belg. 
30:230.  1891. — ^Repent,  glabrous,  rather  slender-stenuned;  leaves 
alternate,  lanoe-ovate,  bardy  subpeltate  at  the  veiy  base,  3.5 X7-8 
cm.,  the  petiole  4-8  cm.  long;  spikes  paired  on  a  short  terminal 
stalk,  shorter  than  the  leaves;  berries  i^lindrical,  slender-besked; 
stigma  anterior  on  the  beak. 

Costa  Rica,  the  type  fxom  near  Dhriskm  {Pmkr  36x1). 
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FSFBROHIA  MACULOSA  (L.)  Hook.,  Ezot  R  ^,  ff2, 

Piptr  mactdosum  L.,  Sp.  PL  30«  1753. — PefienmUa  seftupimema 
CDC,  Jour.  Botany  4:142.  1866.— Pe^erofiMff  imMislfrCratNi  Griae- 
bach,  Ott  PI.  Cub.  64.  1866.— Asoendiiig,  spaiiogly  haiiy,  sue* 
cuknt,  the  rather  thick  stem  mottled;  leaves  alternate,  eiliptio- 
ovate,  subcuapidate,  peltate  near  the  rounded  or  tnmcatdy  sub- 
cocdate  base,  8-iz  X 1 2-17  an.,  the  mottled  petiole  6-15  cm.  long; 
spikes  solitary  or  paired  at  the  end,  large  (6X25omm.)j  caudately 
tapering;  berries  subsessile,  ovoid,  tapering  into  an  equilong  beak; 
stigma  anterior  on  the  beak. 

Throu^  the  Antilles,  the  type  Cram  Haiti  (Phmitr), 

I*EPEROMiA  VARiEGATA  Ruiz  and  Pavon,  Fl.  Peru.  1:33.  pL  52. 
1794. — ^Aspect  of  and  not  considered  by  Miquel  separable  from 
the  preceding,  bul  glabrous  and  witli  broader  leaves  12-15 
long. 

Peru  to  Demarara,  and  reported  fur  Cusu  Rica  and  Guatemala  possibly 
<m  forms  of  the  preceding;  the  type  from  Peru. 

UNivEssrrY  of  Illinois 
Ukbana,  III. 

EXPLANATION  OF  PLATES  I-IV 

Habit  iUu8tf«tioii»  aie  of  mitwal  sice;  InBorescence  or  fruit  details  are 
cnlaiged  ao  diameten. 

HATE  I 

Fic.  1. — Peperomia  schizandt^a,  from  type. 
Fig.  2. — Peperomia  schizostachya ,  from  tjpe. 

Frc.  i.—Peptromia  mexiamHf  from  type  number,  alao  cotypc  of  Fiptr 
parvulum. 

Fic.  4. — Peperomia  astyta,  from  type. 
FfO.  s.—P€penmia  Pomteri,  from  type. 
Flo.  6,— Peperomia  graciUima,  from  cotype. 
Fko.  1,— Peperomia  Parryatia,  from  type. 

PLAn  It 

Fto.  S.-^Pepefomia  macrandn  mnpla,  from  type. 

Fig.  0- — Peperomia  TttcrckhcimU,  from  type  collection 
Fit,  10. — Pefrromia  ciimpylotropa,  from  sheet  in  United  States  National 
Herbarium  (  ?erroncously)  as  Bourgeau  3090. 
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Fig.  ti. —  Pcperomia  ampkorkarpa,  from  type. 
Fig.  12. — Feperomia  ttnuimucrmata,  from  type  collection. 
Fig.  13. — P.  claytmioides  hn^iscapa,  from  a  Santa  Rosa  specioaen  {wn 
Tutrckkcim  II,  2319). 

Fio^  lAj^Ptpenmia  seiafkUOt  from  Qppe  ooUectioii. 
Fto.  15. — Ptptromia  peltaia,  from  type  ooUectibn. 

riATS  tit 

Tto.  i&,—Pep€roima  kdkota  wmietia^  fiom  type. 

no.  17.— Pt^MMMi  ftAeniOt  fnm.  Santa  Rosa  qkodmen  (£f<qiitfe  and 

Fig.  i^.— Pc per omi  -  hern findi folia:  habit  of  var.  jS^i^r  £com  type;  fruit 
of  insular  form,  from  Dominica  (Eggcrs). 

Fig.  19. — Peper&mia  cordulaiijarmis,  from  type. 


FLOWERS  AND  INSECTS,  XXI 
DATA  OF  ANTHECOLOGY 

Cbakles  Robestso;* 

In  Knitth's  BliUrnhiolo^ic  is  found  a  mixture  of  the  botunical 
subject  of  insect  visitors  of  flowers,  the  entoniolo<;ieal  subject  of 
flower  visits  of  insects,  an<l  collectors'  notes  which  ha\  e  no  delinite 
relation  to  either  subject  but  rather  to  the  i)ersonal  movements  of 
collectors.  He  state>  that  liis  work  is  based  upon  Muller's,  but 
he  fails  to  include  data  from  works  which  follow  MCller's  method 
(Muller's  Alpenblumen  and  MacLeod's  works  on  flowers  of  the 
Pyrenees  and  Flanders),  and  includes  collectors'  notes  which  sup- 
press it,  although  such  notes  from  French  and  Italian  records  are 
excluded  as  perhaps  not  justifying  the  labor  of  compilation.  In  a 
woric  which  repeats  Mt)LLER's  lists  for  Low  Germany  for  the  third 
time  American  anthecological  lists  are  suppressed. 

Antheooiogical  data. — These  are  lists  of  insect  visitors  made 
to  show  tlie  species,  their  frequency,  thdr  efficiency  as  pollinators, 
and  the  possibility  of  their  having  some  influence  in  determining 
the  characters  of  the  flowers.  Mixer's  lists  show  these  details. 
In  the  case  of  the  bees  he  indicated  the  sexes,  and  whether  they 
were  sucking  nectar  or  collecting  pollen.  To  note  the  sexes  is 
important  because  female  bees  fly  longer  than  males  and  arc  more 
likely  to  make  repeated  visits .  To  note  the  fact  of  pollen-coll  ecting 
is  also  important.  A  female  bee  will  cany  pollen  all  day  from 
flowers  on  which  the  male  rarely  occurs.  From  obsorvations  at 
Carlinville  the  females  of  nest-making  bees  average  20,6  visits  to 
the  males  10.3.  The  inquiline  bees  show  females  8.8  to  males  8.0. 
In  anthecology  Muller's  lists  are  valuable  as  regards  species  and 
visits,  but  they  fail  to  indicate  the  frequency.  In  1908  I  rejected 
Muller's  method  and  adopted  the  practice  of  capturing  the 
visitors  as  they  came,  noting:  species.  an<l  counting  individuals.  It 
is  impossible  to  indicate  the  importance  of  insects  to  flowers  by 
lists  of  species,  because  efforts  to  increase  the  lists  involve 
an  exaggeration  of  the  importance  of  rare  and  exceptional  cases. 
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Entohological  data. — ^If  lists  of  visitors  of  flowers  are  broken 
up  and  the  visits  are  redistributed  under  each  insect,  the  subject 
cban^  from  a  botanical  to  an  entomological  one.  It  would 
require  as  much  space  and  as  many  entries  to  make  the  second  set 
of  lists.  If  these  insect  visits  are  distributed  under  the  different 
flower  classes  and  colors,  they  may  still  hold  an  indirect  relation 
to  anthecology.  To  be  correctly  arranged  as  entomological  data 


TABLE  I 


1.  First  6j 

l^nt()m()l(>^^i*"al  

Antheculogical  , , , 

Next  38 

Entomological  

Anthecological  

ToUl  100 

Entomological  

Anthecologicid. ....... 

a.  65  Compodtfte 

Kntomolopail  

Anfficiolosrical  

59,  Germany,  MUller  

85,  Illinois.  

3.  planU 

Flowcfs  and  Insects — 
Anthccologir.ll,  Furnpc. 
Entomological,  Europe. 
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4.8 

2  I 
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4  7 
16.2 
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14  7 
9.8 
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13  8 
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117 
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Hemip- 
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23 
9  7 

I  o 
2-5 

1.6 
6.8 

IS 
7  3 
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4-4 

4  9 
7  5 
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7-2 
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476 
1647 

475 
1077 

95 1 
2714 

985 
3309 
1 103 
4030 

1386 
887 
256 
6127 
3280 
6163 


they  should  ho  distributed  under  the  natural  I'aniilics  o\  {)lant>. 
The  vi>ils  i)f  each  nest-making  bee  should  be  (li>tributt'd  undtr 
three  hcadinjis:  one  showing  Uic  pollen  visits  of  the  female,  another 
showing  the  nectar  \*isits  of  the  female,  and  a  third  .^howing  the 
nectar  visits  of  the  male.  If  they  are  arranged  under  alphabetical 
lists  of  plants,  and  the  sexes  and  poUen  and  nectar  visits  of  the 
bees  suppressed,  they  have  little  use  as  entomological  data. 

Mixing  anthecological  usts  and  collectors*  notes. — ^In 
his  BNttenhklogie  Knuth  gives  a  Ust  of  37  entomologists  whose 
notes  are  included  as  if  they  furnished  anthecological  data.  The 
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difference  is  quite  definitely  shown  in  the  first  too  cases  in  which 
collectors'  notes  and  anthecological  lists  are  given  for  the  same 
flowers  (table  I,  i).  The  latter  show  for  visits:  bees  44.1  per  cent 
and  flies  29.1,  while  the  former  show  bees  86*5  pet  cent  and  flies  2.8. 
One  indicates  a  rather  misceUaneous  assemblage^  while  the  other 
shows  such  a  strong  preponderance  of  bees  as  to  reveal  the  fju  t 
that  most  of  the  entomologists  were  collecting  bees  particularly. 
In  the  first  62  cases  the  bee  visits  stand  82.5  per  cent,  flies  4.2, 
against  bees  33.3,  flies  41.8,  the  maximum  changing  from  bees  to 
flies.  In  the  next  38  cases  the  bee  visits  are  90.5  and  60.6,  a 
difference  of  29.9.  These  arc  I'apiJionaceae  and  rather  melittophi- 
lous,  so  that  the  bee  collectors'  notes  give  a  more  correct  approxima- 
tion. In  many  cases  they  did  not  say  whether  the  bees  were 
collecting  pK)llen  or  not,  and  often  did  not  mention  the  sexes  at  all. 

In  the  case  of  65  species  of  Compositae  for  which  there  were 
both  collectors'  notes  and  anthecological  lists  (table  I,  2)  the 
percentages  of  visits  stand:  for  the  former,  bees  79.2.  flies  10.2; 
for  the  latter,  bees  35.6,  tlies  37.0,  the  maximimi  again  shilling 
from  bees  to  flies.  Comparing  59  species  observed  by  Mth^LER 
{Fertilisation  of  flowers)  y  65  observed  by  anthecologists  in  Europe, 
and  8  5  observed  by  me  m  Illinois,  there  is  more  resemblance  between 
the  European  and  IlUnois  lists  than  between  coUectois'  notes  and 
anthecological  lists  based  on  the  same  65  spedes  observed  in  Europe. 

In  the  case  of  51  plants  observed  both  in  Europe  and  Illinois 
(table  If  3)  the  percentages  of  bee  visits  show:  for  the  collectors 
88.6,  for  the  anthecologbts,  Europe  42.5,  Illinob  404.  Here  agMn 
there  is  more  resembhmce  between  anthecological  observations  for 
Europe  and  Illinois  than  between  anthecological  lists  and  collectors' 
notes  for  Europe.  As  entomological  data  the  collectors'  notes  are 
just  as  unsatisfactoiy.  In  the  three  cases  the  percentages  of  visits 
of  flies  range:  for  the  collectors,  1.4  to  10.2,  with  an  average  of  4.5; 
for  the  anthecologists,  9.5  to  41.8,  with  an  average  of  29.5. 

The  insect  visits  to  flowers  recorded  in  my  Flowers  and  insects 
are  not  included  in  Km  i  n'  v  ork,  but  are  broken  iq>  in  a  final  list 
and  redistributed  under  the  insects,  making  a  quasi-entomological 
subject  of  them,  but  they  are  vitiated  by  being  mixed  with  collec- 
tors' notes.  These  visits  recorded  in  Knuth  (table  I.  4)  show  for 
bees  44.6  per  cent  of  the  total.  The  visits  recorded  for  other 
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observeis  show  bees  as  53.2  per  cent.  This  is  a  higher  percentage 
than  is  shown  in  anthecdogical  observations  of  any  region,  and 
indicates  that  observations  were  introduced  which  discriminated  in 
favor  of  bees  to  the  exclusion  of  other  insects.  My  flowers  and 
mseds  shows  for  bee  visits  43.4  per  cent  instead  of  44.6.  The 
difference  comes  from  using  some  entomological  notes  which  were 
aqiorated  from  my  anthecological  lists  and  were  never  intended  to 
be  used  as  anthecological  data. 

Dystropic  visits. — Useless  visits  of  insects  should  be  con- 
sidered from  the  standpoint  of  the  flowers  and  regarded  as  marks 
of  imperfect  adaptation.  Loew  has  called  insects  which  make 
such  visits  "dystropic, "  and  MOller  has  called ^mw^mj  mastrucatus 
a  "dysteleologue, "  as  if  these  insects  were  under  some  teleological 
obligation  to  make  useful  \asits.  So  far  as  the  flower  is  concerned, 
a  hee  collecting  ix)llen  from  it  without  cfTectinp:  pollination  cannot 
count  among  the  useful  M*sitors.  So  far  as  the  bee  is  concerned, 
however,  the  visit  is  legitimate  and  the  flower  must  be  counted 
among  its  pollen  visits.  In  the  case  of  a  family  of  small  bees 
(Halictidae)  165  \nsits,  mostly  for  pollen,  were  observed  to  tlowers 
which  they  failed  to  pollinate.  Knuth,  while  omitting  American 
visits  under  the  plants  to  which  they  relate  and  redistributing 
them  under  the  insects  which  make  them,  has  indicated  the  so-calied 
dystropic  visits  under  conditions  which  make  them  entomologically 
irrelevant. 

Ex.VGGEILA.TION    OF    FRAGMJiMARY  OBSERVATIONS.—Probably 

anyone  who  contemplates  methods  of  publication  will  notice 
this  as  a  common  characteristic.  Fragmentary  observations,  as 
regards  publication,  reviewing,  or  abstracting,  get  more  considera- 
tion than  they  are  entitled  to,  for  the  reason  that  it  is  easier  and 
cheaper  to  do  so.  When  it  was  complained  that  Knuth  sup- 
pressed anthecological  lists,  the  statement  did  not  apply  to  the  most 
fragmentary,  the  most  worthless  ones.  His  work  gives  55  of  my 
lists  averaging  3.8  visits,  and  excludes  S07  lists  averaging  38.9 
visits.  There  is  only  one  reason:  the  short  lists  are  easier  to  copy 
and  to  print. 

One  list  containing  18  Syrphidae  and  128  other  insects  is 
omitted,  while  another  list  for  the  same  plant,  consisting  exdusivdy 
of  5  Syipludae,  is  given.  Special  mention  is  made  of  the  occurrence 
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of  one  Syrphid  on  a  flower  of  which  a  list  containing  lo  Syipfaidae 
and  ai  other  insects  is  not  included.  In  BlUknbielog^  3:254, 
KmjTH  speciaUy  mentions  the  hive-bee  and  SyriUa  pipiens  as 
visitors  of  Ptelea  trifoliataj  but  in  3:444  a  list  containing  these 
two  insects  together  with  49  others  is  merely  gnmi>ed.  in  2:476, 
Andrena  combimla  (sex?),  observed  by  Schmiedeknecht,  is 
apedally  mentioned,  while  MacLeod's  list  containing  6  bees 
(sexes  given)  and  70  other  insects  is  combined.  In  the  third  volume 
of  Bliilenbiologte  the  seeming  discrimination  in  favor  of  collectors' 
note<?  as  ap^ainst  anthcrological  lists  perhaps  may  be  explained 
partly  from  the  fu(  t  that  they  are  usually  short.  Why  lon<i  li>ts 
are  usually  publislied  in  llic  second  volume  and  always  omitted  in 
the  third  retiuirca  another  explanation. 

Cii.NERAL  RESULTS.-  -While  one  might  hold  that  a  j^cneral  work 
should  treat  all  of  the  data  ah'lco,  and  that,  when  it  repeats  one  set 
of  lists  for  the  third  time,  it  should  collect  another  set  once,  it  is 
not  certain  that  it  should  ^n\  e  local  lists  at  all.  As  regards  details, 
local  lists  decline  in  value  as  the  distance  increases  from  the  place 
where  they  were  made.  .As  regards  species,  the  lists  from  lULiiois 
and  Gennan>'  are  quite  different.  A  student  in  one  place  does  not 
need  to  know  the  specific  name  of  every  insect  taken  on  flowers  in 
the  other,  but  only  the  different  kinds.  Of  course  in  giving  the 
general  groups  errors  may  easily  be  made.  ''Hymenoptera"  is 
used  for  the  three  groups,  long-tongued  bees,  sbort-tongued  bees, 
and  other  Hymenoptera,  for  any  two  of  them,  or  for  any  one  of 
them  exdusively.  Bees  and  the  other  Hymenqpteia  do  not  belong 
to  the  same  ecological  dass.  Of  437  entomopliiloiis  fioweis  bees 
were  found  on  95.4  per  cent,  while  flies  were  found  on  60.4  per  coit, 
and  the  other  Hymenoptera  on  only  43.0  per  cent.  Table  I  shows 
that  the  visits  bees  range  from  35.3  to  60.6  per  cent,  while  the 
v»its  of  other  Hymenoptera  range  from  1.6  to  16.9.  hx  Davis' 
Handbook  of  flower  poUkuUion  (z:  165),  "hymenopteiid  flowers"  is 
a  translation  of  ''Immenblumen, "  used  by  Enute  in  referring  to  a 
statement  in  which  Lqew  wrote  "Bienenblumen." 

Casunvuxb,  III. 
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BOOK  REVIEWS 

Sou  eonditioDi  and  jlaiifc  growtk 

The  npid  advancement  of  our  knowledge  of  the  soil  as  rdatcd  to  plant 
pioduction  ia  reflected  by  the  necessity  for  a  new  reviaion  of  Russeij/s  SoU 

conditions  and  plant  i;rowlh.'  The  fourth  edition  appears  in  a  sh'ghtly  different 
!>uc  and  binding,  marking  its  separation  from  the  series  of  Monographs  on 
Biochemisiry  edited  by  Pummer  and  Hopons,  and  the  inauguration  of  a  new 
aeries.  The  EolkanuUd  Mtmogmphs  on  Agnetjiural  ScknUt  edited  by  E.  J. 
Russell.  Students  of  soil  problems  and  plant  physiology  Will  wdcome  thia 
departure,  and  await  with  keen  interest  the  other  five  vdumes  amiounoed  as 
in  preparation. 

The  present  volume  covers  the  entire  tield,  and  the  others  are  to  deal 
with  mote  restricted  phases,  in  more  complete  and  moce  critical  fashion  than 
would  be  possibtewitfaoitt  undue  expansion  of  the  origii^  Tiiechq>ter 

headings  remain  about  as  they  were.  Chapter  ii  becomes  "Soil  conditions 
affecting  plant  growth"  instead  of  "The  requirements  of  plants";  and  a 
second  appendix  is  added,  which  shows  in  tabular  form  the  amounts  of  minerals 
absorbed  firan  the  soil  by  agricultural  crops  in  England 

Neaity  every  diapter  shows  enlargement,  especially  those  idiich  deal 
with  the  soil  conditions  affecting  plant  gcowtil,  the  biological  conditions  of  the 
st)il,  and  tlu-  rcl.itiun  betweon  the  microorganic  population  of  the  soil  and  plant 
growth.  The  liti-rature  illations  are  increased  from  iS  to  28  pages,  and  the 
whole  work  from  240  to  355  pages  of  text.    More  iigures  have  beeu  added, 

with  a  fioDtiqiieoe  of  Boussihoault,  the  founder  of  modem  agrfcultural 
chemistry,  which  adds  to  the  attractiveness  i>t'  the  volume. 

The  literature  mentioned  by  Walstkr'  in  the  review  of  the  thinl  edition 
has  nearly  all  been  given  consideration  in  the  revision,  and  the  discussion 
is  brought  up  to  date  as  nearly  as  possible.  The  book  is  an  excellent  general 
introduction  to  the  fidd,  and  will  be  indispesosable  to  studflnts  of  plant  physi- 
ology, ecology,  and  agriculture.  With  thia  new  departure  in  publication  of 
monographs,  the  Rothamsted  Station,  already  justly  famous  for  its  splendid 
contributions  to  agricultural  practice,  is  certain  to  extend  very  greatly  its 
influence  as  a  center  of  scientific  investigation. — C.  A.  SuuLU 


'  Russell,  E.  J.,  Soil  conditions  and  plant  growth.  4th  cd.  pp.  xii+406.  fi^s.  ja. 
NewYorit:  Longnaas  Green  ft  Co.  19S1. 
■Bos.  Gas,  67:171-173.  1919. 
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NOTES   FOR  STUDENTS 

Species  hybrids. — Afi  ordinp  to  one  diTiiiition  of  spec  ies,  which  maintains 
that  crossing  i.s  impossible  beyond  the  species  boundary,  there  can  be  no  such 
thijig  as  a  species  hybrid.  The  experience  of  many  breeders,  however,  shows 
numerous  cases  of  successful  crossing  between  forms  tlutt  art  comraonty 
legaided  as  distinct  species.  As  might  well  be  expected,  many  of  these  Spedes 
crosses  twhiliil  peculiaritii-s,  and  it  is  of  t  ()nsi(hTabk'  theoretical  interest  to 
analyze  them.  In  this  lannection  it  is  enlightening  to  ronsidcr  some  of  the 
ideas  whicli  were  suggested  to  East  and  Hayes*  by  their  experiments  on 
hybrid  vigor,  and  which  may  be  fredy  mtetpveted  as  foUows.  As  the  width 
a  cnMs  increases,  four  duoacteristic  stages  are  encountered,  (r)  Very 
narrow  crosses  commonly  bring  little  more  than  the  redistribution  of  a  few 
Mendelian  characters.  (2)  ^^'IV^er  crosses,  involving  a  considerable  number 
of  Mendelian  factors,  in  many  plants  will  produce  a  first  hybrid  generation 
which  is  characterized  by  a  certain  amount  of  hybrid  vigor,  the  amount 
increasing  with  the  width  of  the  cross.  (3)  A  point  is  readied  where  the  fer> 
tility  of  the  hybrid  falls  off,  and  nt  a  certain  width  of  cross  perfectly  sterile 

h\d)rids  ma>'  be  expected.  It  is  interesting  that  hybrid  vipor  cnmmonly 
continues  to  increase  even  though  fertility  decreases.  Here  loss  in  "etnciency  " 
in  the  reproductive  system  is  distinctly  not  accompanied  by  loss  in  eiiiciencj'  in 
vegetative  devdkipnient.  This  pecuUarity  is  dskfied  by  the  foUowing  idea. 
Wide  crosses  mvolve  the  fusion  of  relativdy  "uaharmonious"  gametes,  which 
might  be  expected  to  produce  disturbances  in  the  ontogeny  of  the  resulting 
individual.  The  grosser  mechanism  which  regulates  vegetative  development 
can  evidently  weather  such  disturliances,  while  Uie  more  linely  balanced 
mechanism  of  ^unete  fonnation  is  up6ct.  (4)  Finally,  in  the  uridcst  crosses, 
tiwtk  vegetative  devdopment  is  impaired,  and  poorly  developed  Iqrbrids  result, 
a  point  eventually  being  reached  where  crosses  are  entirely  unsuccesful. 

Species  crosses  in  Nicotiana,  made  by  GooDSPKKn  and  Ci  At  sf;\.«  and  by 
East,*  and  the  whcat-r>'e  crosses  of  Jksknko*  gave  results  which,  although 
not  identical,  were  signihcaiiLly  ainiilar.    All  seem  to  be  of  the  third  type,  Uie 

first  generation  hybrids  bdng  vigorous  but  ahnost  sterile.  The  nature  of  this 
ateriUty  b  pictured  in  the  following  theory,  which  was  proposed  by  Babcock 
and  Clausen,  and  supported  and  somewhat  enlarged  by  Kas  r.  Two  NicoliaM 
species,  A  and  £,  each  having  a  haploid  chromosome  number  of  24,  are  crossed 

•East,  E.  M.,  and  Havis,  HL  E.,  Hetetoqrgoib  in  evolution  and  in  plant  breed- 
ing. U.$.  Dqit.  Agiic.  Bur.  Plant  Ind.  BulL  143.  pp.  58.  19x9. 

*GooDSPEED,  T.  H.,  anri  Ci  \i -^KN',  R.  E.,  Mendelian  factor  differences  venus 
reaction-system  contr.i-l-.  in  lurc<liiy.    .Vmcr.  N.it.  Si:.it-.46,  qj-toi.  1916. 

*  East,  E.  M.,  A  study  of  partial  sterility  in  certain  hybrids.  Genetics  6:31 1-365, 
figs.  17,  1921. 

*See  BAacocK,  E.  B.,'  and  Cuusait,  R.  E.,  GeneticB  m  rdatioo  to  agricalture 
New  Yodc  1918  (p.  a^). 
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to  praduce  a  hybrid  which  contains  24  chromosomes  from  parent  A  and  24 
from  parent  B.  Reduction  division  by  this  hybrid  should  produce  Kametes 
of  numerous  types,  ranging  from  those  which  would  possess  the  24  chromo- 
somes of  the  A  parent  and  none  of  the  B  chromosorces.  to  the  other  extreme  in 
whicb  the  levene  would  be  true.  It  is  wmwwwgd  that  gametes  in  the  inter* 
mediate  comditiop,  with  a  lilietal  mixtuie  of  A  and  B  dhiomoaomes*  fail  to 
devdop.  "Any  gamete  containing  elements  derived  from  both  systems  would 
give  a  reaction  system  subject  to  profound  disturbances  incident  upon  the 
inharmonious  relations  set  up"  between  the  A  and  B  elements.  In  consequence 
the  only  gametes  whidi  successfully  develop  are  such  as  contain  all  or  almost 
aO  of  the  il  ehtomosomes,  or  all  or  almost  all  of  the  B  chromosomes.  This 
hypothesis  of  selective  survi%'al  of  the  gametes  produced  by  the  F|  apedes 
hybrid  is  supported  by  the  following  vcr\'  striking  facts.  Back  crosses  with 
either  parent  result  in  the  production  of  a  relatively  much  higher  number  of 
forms  identical  or  almost  identical  with  that  parent  than  would  otherwise 
be  eipecled.  Also,  in  the  scanty  Fi  generation  whidi  it  is  sometimes  possible 
to  obtain,  many  more  individuab  appear  which  are  identical  or  almost  jdentical 
with  the  original  grandparents  (.4  and  B)  than  would  otherwise  be  expected. 

Sax^  arranRoc  the  species  of  Trilicum  in  three  groups,  characterized 
by  haploid  chromosome  numbers  of  7 , 14,  and  2 1  respectively.  Crossing  within 
the  groups  produces  fertile  hybrids,  but  cmsring  between  the  groups  results 
In  more  or  less  sterile  hybrids.  It  is  noteworthy  that  tiM  Fi  endo^iecms  are 
well  de^  <  It  |  >,  d  in  the  fertile  crosses,  but  shriveled  in  those  crosses  which  are 
to  produce  sterile  or  partially  sterile  F,  plants.  In  all  cases,  however,  hybrid 
vigor  appears  in  the  vegetative  parts  of  the  F,  plants.  Evidently  endosperm 
development  as  well  as  gametogenesis  is  sensitive  to  tlie  disturbance  resulting 
Itqiii  theunion  of  "inharmonious" gametes.  The  P> results  of  Sax,*  however, 
appear  not  to  agree  with  the  ideas  all  the  other  investigators,  since  hk  this 
generation  no  greater  sterility  appears  in  the  intermediates  than  in  the  segre- 
gates resembling  the  grandparents.  Ecologists  as  well  as  geneticists  will 
be  interested  in  the  natural  law  which  is  suggested  by  this  work  of  Sax.  In  a 
group  of  species  of  which  the  chromosome  munbecs  vaiy  in  multqiles  of  an 
original  faaafe  number,  adaptability  varies  direct^  with  the  chromosome  count. 
*  Thm  the  3i  chromosome  wheats  are  the  most  adaptable,  and  the  7  duumoaome 
wheats  are  the  least  adaptable.— M.  C  CoaLTsa. 

fuaarinm  featelaat  cabbaga.— The  selection  <rf  Fumtm  resistant  stcaina 
of  cabbage  is  behig  oontintted  at  the  Wwsfaum  E^ierimcnt  Station  by  Jomtf* 


7 Sax,  Kw^y.  Sterility  in  wheat  hybrids.  I,  SteriUty  lelstioaihl^  and  ead^ 
sperm  development.    Getietics  6:39^-416.  iqix. 

'Sax,  Karl,  Cbromi^me  relations  in  wheal.    Science  54:413-415.  1921. 

•  JoNXB,  L.  R.,  Waixsk,  J.  C,  and  Tisdalk,  W.  B.,  Pusarium  itabtaat  cabbage. 
Wt,  Agric  Sip.  Stt.  Kes.  Bull.  4^.  1-34.  figt.  10.  19M. 
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and  others.   In  an  earlier  report"  the  symptoou  of  the  ydlows  diseue  of 

cabbage  arc  describe*!.  It  is  caused  \)y  a  vascular  parasite  (Fu:^nrhim  ron- 
glutinans)  which  persists  iiKietuiitely  in  the  «oil,  eventually  foninp  abandon- 
ment of  large  areas  of  fertile  soil  for  cabbage  eukure.  Soil  disinfection  having 
proved  ineffective  or  impntcticable,  the  only  hope  for  oontiol  lies  in  tlie  aelec- 
tion  of  disease  resutant  strains.  Selections  have  been  contintted  since  1910 
with  very  effective  results. 

The  Micress  of  this  work  rests  largely  on  the  t'aet  th;it  the  cabbage  is 
nearly  sclt-slcrile  and  is  normally  cross-poUinatcd.  As  a  result  all  standard 
varieties  of  cabbage  are  variable  in  type  to  a  greater  or  less  degree.  For- 
tunately, moreover,  wherever  cabbage  was  grown  on  soil  badly  infested  with 
yellows,  although  a  large  majority  of  the  plants  were  killed,  always  a  few 
sho\ve<l  a  h\^h  decree  of  rcsistnnrc  and  developed  norni.tIJ\'.  By  selcetion 
of  suih  heads  for  seed  j^rowing  the  next  season,  and  saving  the  ?eed  from 
each  plant  s^arateiy,  individual  head  strains  were  secured  which  were  planted 
on  badly  infected  soil  the  seoond  season.  Thus  by  continual  aelectioii  and 
dimination  of  weaklings,  higli  resistant  strains  were  quite  readily  secured. 

It  should  be  pointed  out  that  there  are  numerous  horticultural  varieties 
of  cabbage  adapted  to  various  localities  and  uses.  In  making  selections  for 
resistance,  therefore,  the  importance  of  adhering  as  strictly  as  possible  to  the 
horticultural  characteristics  of  the  original  type  wa«  recognized.  Conse- 
quently the  eariier  efforts  were  directed  upon  the  late  or  winter  tgrpe  of  cabbage, 
knoviii  as  Hollander  or  Danish  Ball  Head,  which  b  grown  most  generally  in 
Wisconsin.  A  highly  re?i<tant  strain  of  this  variety  was  secured  to  wMch  the 
narne  Wisconsin  Hollander  has  been  givin.  The  latter  differs,  slightly  from  the 
origiiial  iu  having  a  mure  vigorous  plant  with  a  longer  stem  and  llalter  head, 

and  in  maturing  somewhat  later.  These  objectionable  features  have  now 

been  ovcrowne  by  reselecting  from  the  Wisconsin  Hollander  an  earlier  strain 
with  the  more  desirable  qualities  of  shorter  stem  and  spherical  head.  For 
purposes  of  distinction  the  former  strain  is  now  designated  AS  Late  Wisconsin 
Hollander  and  the  latter  as  Karly  Wisconsin  Hollander. 

Following  similar  methods,  selections  from  two  late  summer  varieties  of 
the  flat  bead  type,  the  All  Seascms  and  the  Biunswidi,  have  yidded  highly 
resistant  strains  of  each.  These  new  strains  are  known  as  the  Wisconsin  All 
Seasons  and  Wisconsin  Brunswick.  To  meet  further  demands  of  the  trade, 
selections  are  now  under  way  on  three  still  eariier  maturing  varieties,  the  All 
Head  Early,  the  Glory  of  Enkhuizen,  and  the  Copenhagen  Market. 

In  genera],  throoi^out  this  work,  a  number  of  dosely  similar  seed  heads 
from  the  same  source  were  grown  in  mixed  plantation  to  insure  sufficient 
setting  of  seed.  I  hc  seed  from  individual  plants  was  then  saved  separately 
and  tried  out  in  head  to  row  ttsts.   In  certain  cas^,  however,  attention  was 


*»Joxts,  L.  R.,  and  Gilman,  J.  C,  I  he  control  of  cabbage  yellows  through 
dtease  leaiBtance.  Wis.  Agric.  Exp.  Sta.  Res.  BuU.  38. 1-70.  fiff.  as,  1915. 
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given  to  adfing  of  individual  plants  witii  some  succeas.  In  oider  to  hasten 
tlie  woric,  winter  seed  growing  in  the  greenhoiue  or  out-o!-do<ffs  in  the  southcm 

states  ivas  practiced  with  moitLratc  success. 

Socrismcn  and  f^rowers  are  interested  in  the  possibility  of  producing  seed  of 
these  rebi^laiit  blraiuii  in  the  coninierciai  cabbage  heed  growijig  sections.  The 

difficulty  enoountoed  in  this  procedure  lies  in  the  fact  that  ydhms  does  not 
occur  generally  in  our  seed  growing  sections.  The  small  percentage  of  sus- 
ceptible plants  would  thus  not  l)e  eliminated,  and  tendency  toward  reversion 
would  be  expected.  The  invest iitiator?  have  studied  this  question  by  having 
a  r^stant  strain  grown  tor  one  generation  in  the  Pugct  Sound  seed  growing 
section,  and  then  testing  it  on  dteased  soil  together  with  WtamSn  grown 
atiains.  Little  orno  reversion  was  noted  whcm  this  was  carried  on  for  only  one 
generation.  The  practice,  therefore,  is  being  approved  for  the  present  pro- 
vided precautions  are  taken  to  supply  stock  seed  each  year  from  plants  selected 
on  diseased  soil,  and  to  :>o  isolate  seed  fields  as  to  avoid  all  possibility  of  cross- 
pollination  with  other  varieties. — J.  C.  Walker. 

Abnormal  behavior  in  com  endosperm. — If  poUeu  from  red  grained  com 
be  applied  to  the  silks  of  a  colorless  j3rraired  variety,  the  resulting  grains  will 
be  red.  This  familiar  phenomenon  of  xenia  is  explained  by  tiie  known  facts  of 
double  fertOliation.  Tim  croes,  however,  may  produce  a  veiy  few  abenant 
grains;  of  these,  only  a  part  of  the  suifisce  is  red  and  the  rest  oolodess. 
Such  grains  are  commonly  spoken  of  as  "  mosaics,"  while  the  tenns  ''mottled," 
"spotted,"  and  "variegated  "  usually  refer  to  difTerent  phenomena.  Webber" 
oUerved  this  phenomenon,  and  suggested  two  possible  explanations:  (i)  the 
secrad  male  nucleus  fails  to  fuse  with  the  female  fusion  nucleus,  and  these  two 
dements  divide  independently  In  pcodudng  endosperm;  (3)  the  second  male 
nucleus  fuses  with  one  of  the  female  polars,  the  other  polar  dividing  independ- 
ently in  the  pro<luction  of  endosjJerm. 

The  first  explanation  was  disproved  by  Ea.st"  in  the  following  manner. 
Factors  R  and  C  must  be  present  simultaneously  for  the  protluciion  of  red 
cndoBperm.  '  A  cross  between  the  two  colorless  grained  types,  CCrr  and 
therefore,  will  produce  a  red  grained  ear.  Evoi  here,  however,  aberrant 
grains  sometimes  appear,  part  of  the  grain  being  white  and  the  rest  colorless. 
Failure  of  the  second  male  nucleus  to  hi^v  with  the  female  polar  nucleus  in  such 
a  case  would  result  in  a  grain  which  was  entirely  colorless,  a  thing  which  never 
occuned.  It  is  only  by  Iumoo  of  male  and  female  ntidri  that  any  part  of  the 
cndo^Mnn  can  be  red. 


"  WnuER,  H.  J.,  Xenia,  or  the  immedtste  effect  of  poUen  in  maiie.  U.S.  Dept. 
Agifc.,  Div.  Veg.  Vhys.  Fsth.  Bull.  ss:x-44.  igoo. 
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Websee'8  aeoond  opkiiation  wm  disproved  by  Euxssomo  u  follows.  A 

colorkss.  supan'  type.  CCrrsusu,  was  used  as  female  parent  in  a  cross  with  a 
colorless,  starchy  type.  ccRKSuSu.  The  resulting  grains  were  red,  starchy, 
save  for  a  few  aberrant  grains  which  were  red  in  part  and  colorless  in  part 
but  ttudiy  thrmtghout  WrasBR'sseooiidexplAiiatioofub  here,  since  fua^ 
of  the  second  male  nudeus  with  only  one  of  the  polan  would  praduoe  gnins 
which  were  red,  starchy  in  pftrt  <fRMll  male  nucleus  fused  with  one  polar) 
and  colorless  sweet  in  part  (from  independent  polar). 

These  two  critical  experiments  serve  to  disprove  Webber's  explanations 
and  demonstrate  that  the  normal  program  of  double  fertilizatioo  is  invariable 
in  oom.  The  next  ttiing  wiiich  was  invoked  to  ei|ila!n  these  abenant  graina 
was  "somatic  nrntation"  in  the  cndo^Marm,  but  for  several  reasons  thw  was 
unsatisfactory  as  nn  explanation. 

Emerson'<  has  finally  obtained  rriticai  evidence  which  indicates  a  very 
satisfactory  explanation  of  the  phenomenon.  The  factor  wx  for  waxy  endo- 
sperm (Wx,  ooineoufl  endospenn)  is  known  to  be  carried  on  the  same  chromo- 
some  with  the  C  factor.  A  cross  was  made  between  a  ooloilcas,  vmxy  female 
parent,  c-wx  c-wx  aod  a  red  corneous  male  parent,  C-Wx  C-Wx  (the  R 
factor  being  present  in  both  parents).  The  resulting  triploid  endosperm 
was  of  the  formula  c-vnc  C-vnc  C  1 1  x.  If  non -disjunction  (passing  of  iioth  halves 
of  a  divided  chromosome  to  one  pole)  occurred  in  connection  with  the  diird  of 
these  chromoBomca.  one  of  the  resulting  nuclei  would  be  diploid  for  this  chromo- 
some set.  C'Wx  c-wx,  and  the  other  tctraploid,  c-w%  C40«  C-Wx  CW**  Endo- 
sperm produced  by  the  former  should  be  colorless,  waxy;  endospenn  produced 
by  the  lat  ter  should  he  red.  corneous.  Emerson  obtained  aberrant  grains  which 
were  of  exactly  this  constitution,  the  colorless  areas  being  at  the  same  time 
waxy,  and  the  red  areaa  cotneous.  This  experiment,  considered  together  with 
the  previous  ones,  indicates  that  occasional  non-disjunction  » the  caiplanntian 
of  these  aberrant  grains.  The  frequency  of  these  particular  aberrant  grains 
is  one  in  4^3.  and  one  may  e.xpect  non-disjunction  lu  take  place  in  connection 
with  some  one  chromosome  in  the  corn  endosperm  in  about  one  of  every  iwu- 
teen  pains.  Direct  cytol(^cal  demonstration  is  to  be  hoped  for.  Non- 
dujunction  is  known  to  occur  at  times  dsewhere  in  the  plant  and  animal 
kingdoms.  Possibly  the  tiipldd  nature  of  endosperm  furnishes  an  c^erially 
iavorabie  condititHi  for  its  occurrence. — ^M.  C.  Com.xsa. 

Bralrle  vofelation.— The  prairies  of  niinds,  occurrfaigaa  they  do  on  the 
tendon  line  between  great  forest  and  and  grassland  formations  of  North 
America,  afford  peculiar  advantages  in  the  study  of  the  development  of  thb 


"  Emfrsov,  R.  a.,  .\niinKilous  endosperm  development  and  the  ptMnoUCnon 
of  bud  sjwrls.    Zeit.  induk.  Alwtamm.  V'ererb.  14:241-259.  1915. 

*4  Emerson,  R.  A.,  Genetic  evidence  of  aberrant  chromosome  bdaavior  in  msiae 
endospenn.  Amer.  Jour.  Bot.  8:411-424.  fig.  t.  1921. 
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type  of  vegetation.  In  a  recent  article  Sampson^  has  made  an  excellent 
contribution  to  our  knowledge  of  these  rapidly  disappearing  gnisslaiids.  He 
found,  in  various  parts  of  the  state,  remnants  of  the  original  prairie  grasslands 
varying  in  size  from  strips  along  roadways  and  railways  to  tracts  of  hundreds 
or  even  thousands  of  acies  in  cirtent.  Some  of  Ihe  largest  areas  wete  on  the 
iloodplain  of  the  Mississippi  River  and  occur  even  within  the  dty  Units  of 
Chicago.  The  principal  virgin  areas  were  visited  during  the  summers  of 
1915-1S  and  carefully  studied. 

The  most  notable  contribution  ap|K>ars  in  a  very  complete  explanation 
of  the  dynamics  of  Uieae  gnsalandB.  Two  main  lines  of  succession  are  reoog- 
niied,  the  l^diaidi  and  zenrdi,  with  a  common  climax  aasodation  type  in 
which  Andropogon  furcalus  is  dominant.  The  hydrarch  succession  commonly 
begin??  with  an  a^soriation  dominated  by  Srirptis  flutiatUis,  succeeded  by  others 
in  which  Spartina  Michauxiatm  or  Caiamagrostis  canadensis  is  abundant.  In 
tiie  sttbdiniaz  Pamaim  virgakm  or  Agnsiis  alba  may  be  most  conqiicuous. 
Variations  in  the  intermediate  stages  ooour  and  axe  illustrated  by  enmples. 

Owing  to  the  agricultural  value  of  the  upland  prairie  areas  the  xerarch 
succession  is  not  so  easily  solved,  although  there  is  abundant  evidence  of  the 
nature  ol  the  climax  association.  Mixtures  oi  herbaceous  spi-cie>i  with  few 
grasses  seem  to  be  the  probable  pioneer  forms,  with  a  nmed  aggregation  of 
grasses  or  a  oomparativdy  pure  stand  of  Andropegm  seopanus  as  the  hitei^ 
mediate  stage. 

The  present  abundance  of  Poii.  appearing  both  as  the  dominance  of  P.  pra- 
tensis  in  the  clima.x  association  and  of  P.  compressa  in  the  siihclimax  of  the 
xerarch  succession,  is  shown  to  be  due  to  man's  influence  in  culling  and  grazing. 
The  letragrcssaoos  due  to  grazing,  as  well  as  the  various  types  of  auooesaiaii, 
are  made  dear  by  numerous  diagrams,  by  floristic  analyses  of  the  various 
MSOdations,  and  by  an  annotated  list  of  the  principal  species. 

\  very  commendable  fcattire  of  the  report  is  a  non-technical  summary  in 
which  the  main  results  of  the  study,  including  the  principal  successions,  arc 
Stated  in  terms  intdlvUe  to  the  ordbary  dtiacn  anqitaintird  with  the  prairies 
hut  without  botanical  training.  A  series  ol  exodlent  plates  also  add  to  the 
interest  and  vahie  of  the  rqiort. — G.  D.  FinxBK. 

Tnaoooflnle  aotea.— The  collection  of  phmts  made  by  Coimoif  in  New 

Cakdo&ia  and  the  Isle  of  Rnes  in  1914  is  being  published  by  various  taxono- 

mists,  the  first  part  containing  the  .\ngiosperms  by  Rlxdli-:,  B.^ker,  and 
MooKE.'*  It  indudcs  830  species,  230  of  which  are  new.  The  ten  new  genera 

«  Sampson,  H.  C,  An  ecok^tcal  survey  of  tl^  piaixie  vcgetatioa  of  Bttnois. 
111.  Dept.  Regjat.  and  Educ  Div.  Nmt.  Hist.  Sncv.  Bull  i9.*S*r-577. 

A  sjritaaatic  account  of  the  ptaats  collected  in  New  Caledonia  and  the  Isle  of 

Pines  by  Professor  R.  H.  Compton  in  1914.  P;iri  I .  Flowering  plants  (Angiosperms), 
by  Rendle,  a.  B.,  Bauji,  £.  G.,  and  Mooa^,  S.  L^M.  Jour,  Linn.  iioc.  49:24$" 
417.  pis.  J3-M4.  1931. 


.  kj  .i^  o  uy  Google 


i6o 


BOTANICAL  GAZETTE 


[ntBftDJkXY 


are  as  follows:  CfmptonrUn  (R\itarrae\  Sa!ar!of)fis  ^Celastrineae),  MorUaguein 
(Anacardiaceac),  raracrypkui  (Eucryphi.u  cac),  Enochmia  (Araliaceae),  if  t/ij- 
mosHgma  (Rubiaceae),  TropatoHtke  (Sapotaceae),  Depanthus  (Gesneraceac), 
AdoitdapkM  (Lauraoeae),  and  DmifophaaiiUku  (Euphorbjaoeae).  Hie 
laigeit  families  are  Orchidaceae  (60  spp.),  Euphorbiaceae  (60  spp.),  Rufai- 
aceae  (60  spp.),  and  Myrtaceae  (56  spp.),  and  they  also  funitth  a  lai^e 
proportion  of  the  novolties  (ic.scril)otl. 

LESTEK-GARLA>iD''  liiii  publLihcd  a  revision  of  the  African  genus  Bapkia 
(LegumiiKnae),  recogmang  5S  ^>cdes,  3  of  whidi  axe  described  as  new.  As 
an  ilhifltratkm  of  die  recent  devekpment  of  our  knowledge  of  the  Alikin 
flora,  it  may  be  Stated  that  this  genus  is  iqwcscirted  by  6  ipedcs  in  the  Cwwre 
Ficntarum. 

Blattek  and  Hall'*  have  published  a  new  genus  {Bonnayodes)  of  Scrophu- 
lariaceae  fawn  India,  rdated  to  Bemnaya,  JlysamllhUf  and  JAmnophila,  but 
differing  firam  each  in  a  dedsive  character. 

MOOK**  has  described  a  new  genus  {Phanerocalyx)  of  Oleaceae  from  Africa. 
It  is  represented  by  two  species,  and  is  most  nearly  related  to  Stromhosh. 

Him^fixsoN  and  Pearct:*'  have  published  a  revision  of  the  African 
genus  TryphosiemtHa  (i'assilloraceac),  recoguiung  25  species,  6  of  which  are 
described  as  new.  In  the  second  volume  of  the  Phra  pf  Tropical  AJrka  tfie 
genus  was  lepiescated  by  a  single  species. 

SPRACrF."  has  published  a  re\  ision  of  BcIoHa,  a  Central  American  geuusof 
Tiliaceae,  recognizing  11  species,  6  of  which  are  described  as  new. 

Glsason'^  has  presented  a  much  needed  rearrangement  of  the  Bohvian 
spedes  of  Ctntropogm  and  Sipkooampylus  (Lobellaceae),  genera  whidi  have 
been  very  much  confused,  icoggnising  14  spedes  of  the  fanner  genus  and 
a6  of  the  latter. 

Wainio«  has  published  two  papers  describing  a  collection  of  Japanese 
lichens  by  V Asi  da.  Thus  far  the  published  list  includfis  182  ^edes,  94  ol 
which  are  described  as  new. — J.  M.  C. 


■vLBsra-GAaLAMD,  L.  V.,  A  revirion  of  the  genns  Ba^iia  DC.  (LegimiiMMie). 

.Jour.  Linn.  Soc.  45:2ai'243.  igsi. 

novae  Indiac  oricntalis.   Dec  as  I.  Jour.  IndJan  Bot.  at:44-54,  X9M. 
*•  Mooes,  S.  LkM.»  Alabatira  iimsa.  XXXIV.  Jour.  Botany  w^itwuih 

"  HuxcauMSOW,  J.,  and  Pbaxcb,  K.,  Revbion  of  the  genns  TryphMttmms,  Eew 
BalLno.  7«  257^66.  1991. 

*<  SmAOOiy  T.  A.,  A  revbion  of  the  geau»  Mlja.  Eew  BulL  no.  7.  ^70-^78. 

1921. 

Gleason,  H.  a.,  a  rearrangement  of  the  Bolivian  species  of  Centropogon  and 
Sipkocampylus,  Boll.  Toir.  Bot.  Club  48:i89^i.  tgn, 

*•  WAOOOt  E.  A.,  Ucheo*  ab  A.  Yasoda  hi  Japrak  coOectL  Bot  Meg.  Toiyo 
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INFLUENCE  OF  SALTS  ON  BACTERUL 

AcnvmEs  OF  soil 

J.  E.  Gkeaves 

Salts  occurring  naturally  in  soils  and  those  a])plied  to  them 
in  various  operations  influence  the  number,  sjk  ir  and  activity 
of  the  soii  microflora.  These  factors  in  turn  are  rcllccted  by  yields 
obtained.  Some  substances  applied  to  a  soil  may  serve  as  food 
for  the  gjowing:  plant;  others  increase  plant  growth  indirectly. 
I'his  latter  etTect  may  be  due  to  the  changing  of  the  physical, 
chemical,  or  bacterial  properties  of  the  soil.  The  substance  may 
alter  the  physical  properties  of  the  soil  to  such  an  extent  that  the 
bacterial  flora  is  modified.  This  in  turn  may  tncreise  or  decrease 
the  available  plant  food  of  the  soil.  Other  substances  may  react 
cfaonically  with  constituents  within  the  soil,  and  in  so  doing 
liberate  nutrients  which  may  be  utilized  directly  by  the  growing 
plant  (34)<  Again,  they  may  directly  modify  the  microflora  and 
microlkuna  of  the  soil  botii  as  to  numbors  and  physiol<^gical 
efficiency.  In  some  cases  all  three  changes  may  be  wrought  by 
the  same  salt  Isx  each  case  the  soil  is  so  changed  that  its  crop-  • 
producing  power  is  modified.  The  question  arises,  therefore,  as  to 
what  effect  this  or  that  fertilizer  or  soil  amendment  is  going  to 
have  iqxm  the  bacterial  activity  of  the  soil.  Furtheimoie,  there 
are  millions  of  acres  of  land  which  contain  var\  ing  amounts  of 
soluble  salt:^.  Some  of  these  soils  contain  such  large  quantities 
of  the  so-called  **alkalis"  that  no  vegetation  grows  upon  them, 
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Other  soils  contain  only  a  medium  amount  of  soluble  salts,  and  the 
vegetation  consists  chiefly  of  alkali-resisting  plants.  Still  other 
soils  contain  much  smaller  quantities  of  soluble-  salts,  and  they 
become  injurious  only  when  the  soil  is  improjurl)  handled.  The 
reclaimini;  of  the  heavily  charjjed  soils  and  the  maintaining  of  the 
others  in  a  productixe  condition  are  problems  confronting  the  soil 
chemist.  These  ])roblems  ran  be  solvid  more  sucressfully  when 
the  laws  governing  the  iniluence  of  salts  upon  the  ^rowinj;  plant 
and  their  action  upon  the  chemical,  physical,  and  biological  [)rop- 
erties  of  the  s«)il  an-  understood.  This  study  was  undertaken, 
therefore,  with  the  hope  of  obtaining  light  on  some  of  these  laws. 
It  was  carried  on  with  soils  which  naturally  were  productive,  but 


TABLE  I 

Moles  of  tut-  v\Rif)iis  salts  per  loo  cm  of  soil  kequireo  TO 

RETARD  AMMONIFICAnON  IN  TU£  SOIL  IK  UNIT  TULK 


ChM4> 

Nltnt* 

IS6XXO-' 

78X10-' 

iiXio-** 

Potassium  

625X10-' 

125X10-' 

iXto-' 

6XlO-» 

Iron  

J2SXlO-« 

625X10-' 

25X10 

125X10-* 

25X10-' 

SXio- 

-t  I  X  10—' 

SXio— 

6X10— 

5X10- 

SXio-« 

is6Xio-» 

tXio-' 

*  K«t  teste  At  II  Xio— *.  Uidiett  ooMentimtlon  tnted. 


became  unproductive  through  the  addition  of  known  quantities 
of  various  salts.  This  would  give  a  soil  which  at  fiist  had  the  same 
physical,  chemical,  and  biological  properties,  hence  any  difference 
found  must  be  due  to  the  salt  added. 

I'sing  as  a  measure  of  toxicity  of  the  various  salts  that  quantity 
which  if  applied  to  a  delniite  weight  of  soil  reduces  the  ammonia 
•produced  in  the  soil  as  compared  with  a  sbnilar  untreated  soil 
kept  under  suailar  conditions,  the  values  reported  in  table  1  were 
obtained.  The  quantity  recovered  from  the  soil  by  leachine  was 
also  determined,  but  for  this  >tudy  the  tiuantity  applied  is  u^cd 
lor  the  reason  that  the  direc  t  (»r  indirect  actic)n  of  the  addition  of  a 
specific  salt  is  being  dctcnuiiied  and  nut  the  absolute  point  of 
toxicity,  which  undoubtedly  will  varj-  with  diilerent  soils  and 
conditions. 


V 

Digitized  by  Google 


OKEA  V£S—^OIL 


163 


The  80O  used  was  a  calcaxeous  loam  (8),  rich  in  potassium, 
phoqihonis,  and  all  the  essential  dements  except  nitrogen,  which 
was  low,  as  was  also  the  ofganic  matter  of  the  sofl.  The  tesults 
as  reported  are  the  average  of  a  great  number  of  deteiminations, 
and  represent  rather  accurately  the  toxic  point  of  the  various 
salts  in  this  spedfic  saSl,  hence  the  results  repfesent  the  relative 
tooddty  for  several  salts  in  this  specific  medium.  This  may  or 
may  not  vary  in  a  different  medium.  The  results,  therefore,  are 
not  to  be  taken  as  absolute  but  as  rt  lati\  c,  which  can  only  justly 
be  Cficnparable  with  other  results  obtained  under  like  conditions. 

It  is  quite  evident  from  these  results  that  the  toxicity  of  a 
compound  is  governed  by  both  anion  and  ration.  Without 
exception  the  chlorides  are  more  toxic  than  the  corresponding 
nitrates.  The  sulphate  varies,  depending  upon  the  cation  with 
which  it  is  combined,  whereas  in  every  instance  the  carbonate  is 
less  toxic  than  any  of  the  other  salts.  The  rehitive  toxicity  for 
the  anions,  therefore,  can  be  written  in  the  order  C1>X()3>S(),> 
CO,,  thus  indicating  that  the  monovalent  anions  are  mure  toxic 
than  the  divalent  anions.  It  mu  t  he  borne  in  mind,  however, 
that  there  would  be  more  iuuun>  m  ami  volume  of  the  monovalent 
than  of  tlie  divalent,  where  a  divalent  cation  is  combined  with  the 
monovalent  anion,  as  these  salts  were  tested  on  the  basis  of  mole 
OQnccntratioiDs.  When  re-examined  with  equivalent  ionic  concen- 
tnition,the  difference,  although  small,  still  maintained  the  same 
order. 

Excluding  the  difficultly  soluble  salts,  and  aveiaguig  the  results 
for  the  cation,  we  obtain  the  series  Mn>Mg>Fe>Ca>Na>K, 
or  the  divalent  cation  is  found  to  be  more  toxic  than  the  mcmovalent. 
Here  also  the  number  of  ions  would  enter,  and  if  the  toxicity  be 
due  either  to  an  osmotic  or  precipitant  reaction  the  order  is  what 
would  be  expected. 

Examining  the  results  obtained  with  nitrification  (13)  on  the 
same  basis  as  has  been  done  with  amm on ifi cation,  we  obtain  as  the 
points  of  toxicity  the  results  given  in  table  II. 

The  most  important  conclusion  to  be  drawn  from  these  results 
as  compared  with  the  preceding  is  the  greater  sensitiveness  of  the 
nitxilying  organisms  to  the  different  salts  as  compared  with  the 
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ammonifying  organisms.  Hiere  are  tbice  chlorides,  one  nilfate, 
and  one  su^hate  which  were  slightly  more  tozk  for  oitiifiecs  than 
for  anmonffiers.  In  most  cases  the  resistance  of  the  ammonificfs 
to  salts  is  suffidently  greater  that  nitrification  in  a  soil  may  be 
materially  decreased  without  seriously  interfering  with  ammonificap 
tion.  Moreover,  the  toxicity  of  salt  increases  with  concentratioai 
much  more  rapidly  toward  nitrifien  than  toward  ammonifiers. 

TABLE  n 


MoL£S  OP  rUE  VAUOUS  SALTS  PER  lOO  CM.  OF  SOIL  REQUIRED  TO  RETAKO 

MmxficATioN  Df  son  nr  umx  mac 


CHm140 

mtiate 

Potassium.  ...«**...  

78X10— 
156X10-' 
iXio-» 
312XT0-' 
4X10-' 
78X10-' 

I  N^Xio-' 
312X10-' 
jiaXio-* 

25X10-' 
156X10-' 

7«Xio-» 

3X10— 
156X10-' 
iS«Xjo-» 

iXio-' 
156X10-' 
6a$Xxo-» 

625X10-' 
156X10-' 
6«Xio-' 

78XIO-* 
i56Xio-» 

7»Xio-' 

•  Vol  loiie  at  J  Xt»-^  U(hMt  «oanntnuloB  lMt0d. 

TAHLK  III 

Moles  or  thx  various  salts  per  ioo  gu.  op  sou.  rsquirso  to  R£Tasd 

AZOriCATION  IX  sou. 

Chloride 

SdplMic 

Nitrate 

2X10  — 
2XlO-'* 

iXio-** 

1X1O-" 

iXio-»* 

2X10— ♦ 

1X10-' 

iXio-'* 

iXio-'* 

1X10-* 

SXio-* 

2XlO-'' 
2XlO-'* 
1X10-- 
iXio-** 
1X1O-" 

SXio-« 

3X10—* 
125X10-* 
iXio-»» 
iXio— 
iXio-** 
SXio-* 

*  Nol  Mde  at  tUi  cowmtntioii.  the  UgbcM  tested. 


The  order  of  toxicity  of  the  anioa  in  the  case  of  the  nitrifiers  is 
nearly  the  reverse  of  that  for  the  ammonifiers.  The  order  for 
nitrification  is  C0|>N0|>S04>CI,  whereas  the  order  of  toxicity 
of  the  c  ation  as  rncasiircd  in  terms  of  nitrification  becomes  K>Mg 
>Fe  >  Ma>Ca>Na.  It  is  e\ident,  therefore,  that  both  the  anions 
and  cations  exert  an  influence  in  detennining  the  toxicity  of  the 
salts. 

Examining  nitrogen  fixation  (la)  in  the  same  light  the  results 
given  in  table  m  are  obtained. 
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Poftsibly  potassium  carbcmate  is  more  tone  to  the  nxtrifiers  of 
the  soQ  than  it  is  to  the  nitrogen-fizing  oiganiams.  It  ia  certain 
that  ^e  asofieis  in  soil  are  much  more  resistant  to  these  salts  than 
are  the  other  classes  of  nucroorganiams.  The  concentrati<ni  of 
the  salts  in  the  soil  was  not  lu|^  enough  to  permit  conclusion  as  to 
the  relative  toxicity  of  the  various  anions  and  cations.  The  tests, 
however,  make  it  certain  that  alkali  soils  which  have  a  vigMOUS 
nitrifying  or  ammonifying  microflora  will  maintain  a  vigorous 
azofying  flora,  even  though  they  contain  considerable  quantities 
of  soluble  salts. 

The  influence  of  an  anion  upon  the  int*  mal  friction  ol  colloids 
varies  with  concentration  and  reaction  of  medium,  and  it  is  intcrp'-:!- 
ing  to  note  that  the  series  for  the  ammonifiers  is  the  same  as  that 
for  acid  solutions  of  ])rotcin^.  whereas  that  for  the  nitrifiers  is  the 
order  for  these  ions  upon  a  neutral  t)r  alkaline  solution  of  the 
protein.  If.  tiicrefore.  toxicity  of  these  salts  is  due  in  a  measure  to 
their  changing  tlie  internal  \  iscosity  of  the  protoplasm,  we  should 
have  to  assume  a  slight  difference  in  the  protoplasm  making  up 
the  cell  of  the  two  groups  of  microorganisms,  the  one  being  electro* 
positive  and  the  other  electro-negative. 

The  order  of  toxicity  of  the  cation  to  the  ammonifiers  is  not  far 
dififerent  from  what  would  be  eipected  if  toxicity  were  due  to  a 
predpitatibn  of  the  protoplasmic  colloids.  When  the  nitrifying 
series  are  examined  in  the  light  of  the  Houceistek  series,  however, 
the  potassium  ion  b  found  on  the  opposite  extreme  of  the  sezies 
from  where  it  should  be. 

Whether  this  is  due  to  analytical  error  or  to  the  potassium  ion 
being  especially  poisonous  because  of  its  changing  the  state  of 
turgesoence  of  the  organic  colloid  is  not  clear.  It  would  appear, 
however,  that  if  the  latter  were  the  correct  explanation,  we  might 
eq>ect  potassium  to  change  positions  in  the  ammonifying  series. 
This  would  appear  more  reasonable,  for  both  the  ammonifiers  and 
nitrifiers  function  normally  in  the  same  medium,  and  the  same 
evoiutionar\-  forces  ha\  e  been  at  work  bringing  these  organisms  to 
their  present  condition. 

The  relative  toxicity  of  the  anions  toward  ammonifiers  and  the 
relative  toxicity  of  the  cation  as  measured  in  tenns  of  both  ammoni- 
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fication  and  nitrificatioa  point  to  the  condiuion  that  toxicity  is 
due  in  a  kige  measuie  to  osmotic  influences.  This  conclusion  is 
based  on  the  assumption  that  the  salts  on  passing  into  xolutiun 
behave  as  they  would  in  pure  water,  an  assumption  whi'  li  i  not 
warranted,  for  it  is  a  well  known  fact  that  the  addition  of  a  sail  to 
a  soil  cause?  an  exchange  of  ions.  This  may  either  increase  or 
decrease  the  total  number  of  soluble  particles  in  the  soil  solution, 
and  hence  correspondingly  chanj^e  the  osmotic  pressure  of  the  soil 
solution  The  logical  procediirc  therefore,  ls  to  determine  the 
osmotic  pressure  (141  of  the  soil  at  the  concentrations  at  which  the 
variouis  salts  become  toxic  to  the  ditTerent  classes  of  microorganisms. 
The  results  for  such  tests  for  the  ammonifying  series  are  given  in 
table  IV. 

TABJ.K  iV 


Osmotic  pkessuke  of  sai,t-ts£at£o  sou.  toxic  to  aumunifying  organisiis 


Chbride 

Nitrate 

Sut{»hiite 

Caitxtnatc 

t.6s 

».77* 

.96 

8.41* 

1.79 

Potas^um  

»  S3 

1.89 

9. OS* 

1.7a 

I  43 

I  53 

3  45 

t  .61 

I  75 

1,62 

1.68 

1 .88 

1.80 

I  75 

1.56 

3- 53* 

1.78 

a.04 

1.79 

2. 71* 

1.84 

l.«4 

a.oo 

Average  

1.68 

1.70 

.94 

X.84 

*  Not  counlMl  in  the  average. 


Sixteen  out  of  the  twenty^four  salts  become  toadc  when  the 
osmotic  pressure  ranges  between  1.43  and  1.96  atmospheres.  The 
average  for  the  cation  shows  a  variation  of  from  1,73  to  2.00 
atmospheres,  and  in  all  except  the  iron  ranges  between  1,72  and 
1.79,  a  difference  of  only  0.05  of  an  atmosphere.  The  anion  shows 
a  variation  from  t.68  to  1.94.  The  small  variation  in  osmotic 
pressure  amonj^  the  various  salts  at  which  they  become  toxic 
indicates  that  the  osmotic  pressure  is  an  important  factor  in 
determining  toxicity. 

We  find  that  when  the  ammonia  jiroduccd  had  been  reduced  by 
about  10  ])er  c  ent,  the  ax  cra^c  osmotic  jiressure  of  the  soil  solution 
was  2.55  atmo'-pheresj  when  the  annnonia  was  reduced  25  per  cent, 
the  osmotic  pressure  was  5.49  atmospheres;  and  when  anmionia 
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pioduced  was  50  per  cent  of  nonnal,  the  osmotic  pressure  ma  9.5 
atmoapheres.  Table  VI  gives  these  data  for  both  ammonlficatioii 
and  nitrification. 

The  nitrifiers,  therefore,  are  more  sensitive  to  osmotic  changes 
than  are  the  ammonifying  organisms,  but  in  both  cases  the  toxicity 
increases  iiiorc  rapidly  than  does  the  osmotic  pressure.  This  is 
very  n^d  in  the  case  of  the  nitrifiers. 

TABLE  V 


Osmotic  ntKSStru  or  saumsbaibd  son.  toxic  to  nttxivying  oMMsmcB 


Chloride 

\itn(e 

Csrbonate 

Average 

Sodium  

1.81 

I  80  ' 

1.84 

1.82 

I  53 

1 .67 

I  75 

I.4Q 

i.6l 

Calcium  ............ 

1 . 60 

I  54 

I  54 

1.56 

1.81 

I  59 

1.88 

I  79 

1.78 

1.65 

2.73* 

2.32 

3.01 

1 .96 

4.94* 

1.89 

1.85 

I.S6 

I.S7 

1.65 

1.70 

i.go 

t.Ss 

*  N«t  countad  la  the  «wini*. 

TABLE  VI 


RROPcnoir  or  taoBOcr 

Am  m  0  n  iti  cation 

I  per  cent 

Nkrificalma 
I  per  cent 

95  percent  

so  f)cr  Cent  

o.tssatnwqihcics 
0.  T99  atmoipheres 

0  T  go  atmospheres 

0. 197  atiiMx^dieret 
0.  It?  atmospheres 

0 . 088  atmospheres 

The  avenge  for  the  anions  in  the  case  of  the  nitrifiers  is  within 
eipeiiniental  error,  the  same  as  that  for  the  ammonifiers.  The 
average  for  the  cation  is  slightly  lower  for  the  nitrifiers  than  for  the 
ammonifiers,  but  cjuite  similar  in  both  series,  thus  indicating  that 
the  toxicity  in  both  sets  is  governed  by  the  same  factor,  possible 
osmotic  pressure  plus  a  physiological  effect  produced  by  the  salt. 
The  physiological  influence  may  be  due  to  the  replacing  of  ion  in 
the  living  protojilasm.  thus  ehanpng  its  physical,  chemical,  ;md 
electrical  properties  so  that  lhe\-  are  iruoni|)atible  with  life,  it  is 
thus  assumed  with  Lokh  118^  that  the  toxicity  of  sodium  salts  on 
ottering  the  ceil  is  due  to  the  formation  of  sodium  proteioates, 
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which,  if  present  in  too  great  a  proportion  in  the  cell,  confer  upon 
the  protoplasm  properties  which  are  ijocompatible  with  the  niainte> 
nance  of  normal  funcdoning.  The  toxicity  of  calcinm  salts  is  like- 
wise attiifafuted  to  an  undue  predominance  of  calcium  protemate 
in  the  celL  An  admixture  of  several  ^rpes  of  protein  salts  is 
required  to  give  the  protoplasm  of  the  cell  the  exact  qualities 
essential  to  the  maximal  furtherance  of  its  vital  activities,  'tmo 
factors^  therefore,  may  enter  in  the  toxicity  of  a  salt:  (i)  the 
permeability  of  the  salt  for  the  living  protoplasm,  and  (a)  the 
chemical,  physical,  or  electrical  influence  of  the  salt  upon  the  pro- 
toplasm after  entering  the  cell 

Those  cases  in  which  the  osmotic  influence  is  the  predominating 
factor  should  show  a  matted  decrease  in  toxicity  when  the  solution 
is  diluted  (xi);  whereas  in  those  cases  in  which  the  physiological 
effect  predominates,  the  addition  of  another  salt  which  would  in- 
crease osmotic  pressure  may  show  a  decrease  in  toxicity,  due  to  a 
physiological  balancing  of  the  solution. 

Numerous  experiments  have  shown  that  the  relative  toxicity 
of  sodium  chloride,  sodium  carbonate,  potassium  cariK>natc,  and 
calcium  carbonate,  as  measured  in  terms  of  ammonification, 
decreases  as  the  water  added  to  a  soil  increases.  All  the  other 
salts  become  relatively  more  toxic,  thus  indicating  that  some 
factor  in  addition  to  osmotic  pressure  is  entering.  In  this  regard 
the  nitrifying  organisms  act  quite  difTerently,  and  toxicity  is 
neutralized  with  potassium  chlori  !<  jjotassium  sulphate,  magne- 
sium nitrate,  and  magnesium  chloride,  but  not  with  the  remaining 
salts  when  water  is  added.  Were  osmotic  pressure  alone  the 
disturbing  factor,  it  would  be  impossible  to  neutralize  the  toxic 
action  of  one  salt  by  the  addition  of  another,  thus  increasing 
osmotic  pressure  and  at  the  same  tune  decreasing  toxicity. 

This  conception  of  antagonism  and  hilnnicd  solutions  w.is 
first  ;<p|>]it'd  to  a  study  of  bacteria  Lipman  in  i9og.  In  lii^ 
ex|>erijncnts  i  20i  on  the  rate  of  annnonitication  of  BiuHIhs  subtilis, 
he  showed  that  there  is  some  antagonism  between  sodium  and 
magnesium.  On  the  other  hand,  he  (21)  fountl  no  antaj;oni.-«m, 
but  increasing  toxicity,  when  magnesium  and  calcium  were  corn- 
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bined.  Later  he  (aa)  demonstxated  that  there  easts,  as  measuied 
by  axmnonificatKm,  a  true  antagomism  between  sodium  diloride 
and  sodium  carbonate,  and  between  sodium  sulphate  and  sodium 
carbonate,  thus  indicating  that  the  anions  as  well  as  the  catioiis 
at  times  may  play  a  part  in  antagonism. 

Kelley  (16).  in  studying  the  aimnonification  and  nitrification 
of  certain  soils,  found  no  antagonism  between  magnesiirra  and 
sodium.  Lii'MAN  and  Hl  rgkss  (23),  however,  observed  in  the  case 
of  nitrogen  fixation  by  Azolohacler  chroococcum  an  antagonism 
between  sodium  and  magnesium. 

WiNSLOW  and  Falk  (39)  have  observed  antagonistic  effects  in 
experiments  on  Bacillus  cofi.  They  found  that  cultures  suspen<1ed 
in  solutions  of  sodium  chloride  or  calcium  chloride  were  decreased 
in  number,  that  higher  concentrations  produced  sterilization  of  the 
culture,  and  that  a  combination  of  sodiunt  chloride  and  caU  iura 
chloride  in  the  molecidar  proportions  of  5  to  i  was  favorable  to  tlie 
growth  of  the  organisms. 

Shbaisr  (29,  30}  also  demonstrated  similar  effects  of  salts 
vpon  the  viability  of  Meningococcus  and  BadUm  coli.  He  found 
that  a  cosnbination  of  sodium  chloride  and  calcium  chloride  was 
favorable  to  growth,  whereas  each  salt  used  sqiaiately  retarded 
growth* 

Bkooks  (z)  found  that,  as  measured  by  the  rate  of  respiration 
of  BaciUus  sublUis,  there  is  a  mariced  antagonism  between  sodium 
chloride  and  calcium  chloride,  and  between  potassium  chloride 
and  calcium  chloride.  The  antagonism  between  sodium  chloride 
and  potassium  chloride  is  slight,  and  the  antagonism  curve  shows 
two  maxima.  Later,  using  the  same  method  and  organism,  he 
(a)  foimd  a  well  marked  antagonism  between  magnesium  chloride 
and  sodium  chloride,  and,  contrary  to  the  findings  of  LincAN  (21), 
a  very  slight  antagonism  between  magnesium  and  calcium.  This 
is  in  keeping  \%ith  my  own  (9)  experience,  which  showed  that  a  true 
antagonism  exists  between  calcium  sulphate  vs.  sodium  carbonate, 
calcium  sulphate  vs.  so<lium  nitrate,  calcium  sulphate  vs.  s(Mlium 
sulphate,  calcium  sulphate  I's.  calcium  chloride.  caU  ium  sulphate  :  s. 
magnesium  sulphate,  as  measured  in  terms  of  ammonification. 
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This  clearly  indicates  that  the  anion  as  will  as  the  cation  i>lays  a 
part  in  antagonism.  A  simihir  anta;r(jnism  exists  between  these 
salts  as  measured  in  temis  <>l  nitriricati(jn. 

Furthermore,  using  the  ammonia  produced  a>  the  criterion, 
an  antagonism  is  seen  to  cxiit  between  sodium  sulphate  vs.  iron 
sulphate,  calcium  chloride  vs.  iron  sulphate,  sodium  chloride  vs. 
iron  chloride,  sodiiuu  thioride  vs.  iron  sulpluiic.  magnesium  chloride 
vs.  iron  nitrate,  sodium  chloride  vs.  iron  ca.rbunatc,  calcium  chlo- 
ride vs.  iron  carbonate,  caldum  chloride  vs.  iron  nitrate,  sodium 
nitrate  w .  iron  ddoiide^  ralrhim  dikxide  vs.  iran  diloride,  sodium 
caibonate  ixon  nitrate,  sodium  carbonate  vs.  iron  carbonate, 
sodium  su^hate  vr.  iron  nitrate,sodium  chloride  vs.  iron  nitrate,  mag- 
nesium su^fihate  vs.  iron  nitrate,  sodium  cariMmate  vs.  iron  sulphate, 
sodium  nitrate  vs.  iron  nitrate,  sodium  nitrate  vs.  mm  sulphate, 
magneshnn  sulphate  vs.  iron  chloride,  and  majgnesium  su^hate  vs. 
iron  carbonate.  This  was  small  in  the  case  of  the  first  pair,  and 
increased  in  the  order  named  untO  the  last,  which  neutralized  75 
per  cent  of  the  tone  effect  of  magnesium  sulphate. 

As  measured  in  terms  of  nitrification,  a  true  antagonism  was 
found  to  exist  between  sodium  carixmate  vs»  iron  carbonate, 
sodiimi  chloride  vs.  iron  chloride,  magnesium  sulphate  vs.  iron 
nitrate,  sodium  carbonate  vs.  iron  sulphate,  sodium  nitrate  vs.  iron 
sulphate,  sodium  sulphate  vs.  iron  ourbonate,  calcium  chloride  vs. 
iron  carbonate,  sodium  nitrate  vs.  iron  carbonate,  sodium  chloride 
vs.  iron  nitrate,  magnesium  suli)hatf  iron  carbonate,  sodium 
nitrate  vs.  iron  chloride,  sodium  sulphate  vs.  iron  nitrate,  sodium 
sulphate  p5.  iron  chloride,  magnesium  chloride  vs.  iron  carbonate, 
calcium  chloride  vs.  iron  nitrate,  magnesium  sulphate  i.s.  iron 
chloride,  >odium  chloride  vs.  iron  sulphate,  magnesium  chloride 
vs.  iron  chloride.  >()dium  carbonate  rv.  iron  chloride,  and  magnesium 
chloride  vs.  iron  nitrate.  This  was  low  in  the  case  of  the  first  pair, 
and  increa„scii  progressi\  el>"  in  the  order  named  up  to  the  iaat  named 
pair,  in  which  the  iron  nitrate  increased  the  nitrification  420.7  per 
cent  over  that  soil  treated  with  magnesium  chloride  alone. 

The  result^  therefore,  indicate  the  toxicity  of  soluble  salts 
toward  soil  miciooiganisms  to  be  due  to  an  osmotic  effect  which 
makes  it  impossible  for  the  cell  to  take  up  its  noimal  nutrients, 
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but  pennits  foieigii  or  unbalanced  constituents  to  enter.  These 
foreign  or  unbalanced  salts  on  entering  the  cell  protoplasm  interact 
with  the  proteins  thereof,  forming  within  the  living  protoplasm 
foreign  protcinates,  the  physical,  chemical,  and  electrical  properties 
of  which  are  ditlcrent  fnan  those  of  the  nonnal  protoplasm.  Hence 
we  have  the  protoplasm  rendered  incapable  of  normal  functioning. 
The  first  effect  is  governed  to  a  marked  extent  by  the  osmotic 
pressure  of  the  medium  in  which  the  organism  is  functioning,  and 
the  second  by  the  specitic  salt,  add,  or  base  which  comes  in  contact 
with  the  protoplasm. 

Stimui-attng  action  of  salts. — Man>'  ^^alts  when  added  to  a 
medium  in  which  bacteria  are  functioning  lirst  stimulate,  and  as 
the  concentration  is  increased  tlie  specific  salt  becomes  toxic.  The 

TABLE  VH 

FBaCBMTAiass  or  jaauamA  produced  in  soil  to  wuicu  various  salts  wxie  adobd, 

tHB  tmXXEATEO  SOU.  BEING  TAKEN  AS  lOO  PER  CENT 


Sodium. . . 

Potassium. 

Calcium  .  . 

Majxnc-iiim 

Iioa  


106.0 

100  o 
100.0 
100.7 
100.6 
118. 6 


107.8 

10:  2 
100.0 
100.0 
116. o 


TOO.O 

100  o 

104.5 
J93.S 


110. 1 

108  g 
1 14.6 

103  5 
III. 2 

107.9 


extent  of  this  stimulation  varies  with  the  salt,  the  concentration 
cf  the  salt,  the  medium  in  which  it  is  used,  and  the  specific  micio- 
oigianism  grown  upon  it.  If  the  ammonia  produced  in  unit  time 
in  untreated  soil  b  taken  as  100  per  cent,  we  obtain  the  vahies  • 
given  in  table  VH  for  the  various  salts. 

All  except  six  of  the  salts  stimulate  bacterial  activity.  There 
is  a  wide  variation,  however,  depending  upon  the  specific  salt.  The 
cations  arranged  in  a  descending  <nder  would  be  Mn>Fe>Na> 
Ca>K>Mg.  Although  there  is  a  wide  variation,  depending 
upon  the  cation  and  anion,  it  is  interesting  to  note  that  it  is  not 
these  elements  which  are  to  be  recognized  as  plant  food-.  Inir  the 
catah'zers  which  head  the  h'st.  This  also  appears  in  the  case  ot  the 
anion  where  the  series  is  S()^  >C1  >(  (  ),  >\0..  The  cations  would 
appear  to  play  a  greater  part  as  bacterial  stimulants  than  do  the 
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anions.  This  indicates  a  veiy  marked  acceleration  of  the  speed 
with  which  the  protein  is  transferred  into  ammonia,  whicii  would 
result  in  a  pjc<'iter  aN  ailable  supply  of  this  compo«uid  for  tlic  action 
of  the  nitrihers.  The  speed  with  which  the  ammonia  is  oxidized  to 
nitric  acid  also  increases  with  the  addition  of  various  salts,  as  is 
brou^t  out  in  table  VIII. 

TABLE  Vm 

FlKGBNTAGn  OV  NHUC  MinOGEN  nODOCXD  Df  8OIE1  TO  WOCB  VAUOUB  SAW  HKKB 


ABon,  tmt  mmKATD  mul  buno  tazbm  as  too  im  aan 


Chloride 

Nitrate 

Sulphate 

Carbonate 

142.0 

lOI  .0 

lOO.O 

soo.o 

106.  s 

106.4 

100.0 

xoo.o 

100. 0 

102. 1 

196.7 

100.0 

123.3 

X06.5 

joi.a 

140.7 

tia.9 

1*5-4 

108.4 

XJ8.4 

lOO.O 

loa.e 

1x7.4 

TABLE  DC 

PtXCEKTAGSS  OF  NITKOGEN  FIXED  IX  SOIL  TO  WHICH  VARIOUS  SALTS  W£X£  AM>&D, 
THE  UNTSEATXD  SOIL  BXINO  TAK£M  AS  IOC  P£X  CENT 


CUofida 

NUnte 

SulplMtC 

CariMottc 

Avatat* 

102 

6 

I03 

■7 

104.4 

107.3 

t04.s 

100 

0 

lOI 

3 

105.0 

100. 0 

lOI.ft 

167 

6 

log 

9 

I09.6 

103-3 

104.0 

102 

2 

lOI 

9 

lor .  7 

101 .9 

lOI  .0 

102 

I03 

.2 

102.4 

100. 0 

lOX  .7 

104 

i 

toa 

.0 

100.4 

lot. 8 

loa.i 

lOI 

.9 

103.3 

102.7 

103.3 

All  but  >L\  of  tliese  salts  increa^^e  the  accumulation  of  nitrates 
in  the  soil.  Two  whicii  did  not  stimulate  the  ammoniiieni  also 
failed  to  .stimulate  the  nitrificrs.  In  four  ca^e>  there  was  no 
agreement  between  ammonifiers  and  nitriliers.  The  manganese 
and  iron  salts  are  both  strong  stimulants,  a<?  was  the  ease  with  the 
nilritler^;  ]K)tas.sium,  wiiich  is  an  c:>seatial  element,  Ls  the  least 
chei ii\  L  of  the  cations,  whereas  chlorine  is  one  oi'  the  most  active, 
being  c-Kcccdcd  in  activity  only  by  the  sul})hate  ion. 

It  is  evident  that  the  nitrogen  a\  ailaljle  to  higher  plauL^  wuuid 
be  very  materially  increasctl  througli  the  addition  of  salts  to  a  soil, 
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and  fiutbennore,  it  is  usually  those  salts  which  are  considered 
9q0  amendments  that  taasri  the  greatest  influence.  What  effect 
would  these  salts  have  on  the  total  nitrogen  of  the  soil  ?  This  is 
answered  in  table  IX. 

Again  potassium  is  least  efficient,  while  sodium  is  one  of  the 
most  efficient.  It  is  interesting  to  note  that  the  nitrates,  which 
are  usually  stated  as  retarding  azofication,  stimulate  it  to  a  greater 
dejjjec  than  any  of  the  other  compounds.  In  this  resi)ect  calcium 
nitrate  is  more  eflicient  than  any  other  salt.  This  probably 
indicates  that  it  is  best  to  add  nitrates  to  the  soil  in  this  form. 
It  could  not  be  claimed  that  this  compound  was  carrj'ing  available 
calcium  to  the  soil,  for  this  soil  already  contains  some  40  per  cent 
of  cal  ium  aiul  magnesium  carbonate. 

It  is  evident  that  these  salts  would  increase  both  total  and 
available  nitrogen  in  the  soiL  They  would  also  increase  the 
crop-prodtidng  power  in  another  way,  namely,  by  increasing  both 
directly  and  indirectly  the' available  potassium  and  phosphorous  of 
the  sool  (zo). 

Solvent  AcnoN  of  baciebia.— Bkown  (3)  found  that  twelve 
out  of  twenty-three  bacteria  isolated  from  soil  exerted  a  definite 
solvent  action  on  difficultly  soluble  ^ant  food.  One  oiganism 
whidi  produced  no  gas,  but  a  large  amount  of  add,  eierted  the 
greatest  solvent  action  upon  calcium  caib(aiate;  while  other  organ- 
isms which  produced  gas  (largely  carbon  dioxide)  ,  but  not  as  much 
add  as  the  former,  ^ve  an  action  more  marked  than  of  the  stronger 
add  producer  upon  the  dicalcium  and  tricaldiun  phosphates. 
BadUus  sub^,  3*  myc^idts,  B,  preleus  vulgaris,  and  B,  coU  com- 
munis, as  well  as  several  agar  cultures  from  garden  soil,  were 
foimd  (26)  to  be  capable  of  dissolving  the  phos])hates  of  bone  and 
to  a  less  extent  those  of  mineral  phosphates.  The  greatest  solvent 
action  was  exerted  in  media  containing  sodium  chloride,  potassium 
sulphate,  and  ferrous  sulphate.  E\-en  yeast  (17)  may  play  an 
important  part  in  dissolving  phosphates.  KkonF.R,  however, 
considers  that  the  life  activity  of  the  bacteria,  that  is,  assimilation 
ot  phosphorus  by  the  living  organism,  pla>'s  httle  or  no  direct  part 
in  solution  of  the  ])hosj)hates,  but  that  the  latter  is  due  to  the 
action  of  the  organic  acid  and  of  the  carbon  dioxide  produced. 


Digitized  by  Google 


BOTANICAL  GAZETTE 


tlUICH 


The  acids  produrc-d  hv  bai  leria  act  u})on  \-arious  phosphates, 
changing  theni  to  the  soluble  monophosphate,  but  the  rate  of  solu- 
tion varies  widely  with  the  different  coni])ounds.-  Tricalcium 
phospliate,  in  precipitated  fonn,  dicalciuin  i)tiosphate,  and  tetra- 
calciiun  phosphate  of  Thomas  slag  are  much  more  rapidl>  dissolved 
than  the  crystalline  or  the  so-called  aiiiorjihous  phosphates.  The 
general  reaction  is  as  follows:  2RrOOH4-Ca5f r()V),  =  Ca.,H, 
(P04),+  (RCOO),Ca.  The  reaction  takes  place  most  rapidly 
in  soils  containing  large  quantities  of  organic  matter  due  to  the 
active  feimeiitatioii  taking  place  in  such  soils. 

GsAZiA  (6)  considers  enzyme  action  to  play  a  part  in  the 
dissolving  of  phosphates  in  soil,  for  he  found  the  addition  of  chloro' 
fonn  to  a  soil  reduced  bactezial  activity  and  decreased  the  add 
produced,  but  at  tiie  same  thne  the  sofaitioii  of  plio8|ihates  was 
incressed.  This  is  in  keepmg  with  the  finding  of  Byceikhin  and 
Skalsh  (4). 

The  presence  of  anunonium  chloride  and  su^hate  in  the 
cultural  media  is  espedally  effective,  according  to  Pbeotti  (35),  in 
tncreasmg  the  solvent  action  of  bacteria  for  phosphorus.  Peroth 

considers  the  successive  steps  in  the  solution  or  decomposition  of 
phosphorus  in  bacteria  cultures  to  be  as  follows:  (i)  generation 
of  acids,  (2)  secondary  reactions  in  the  solution,  and  (3)  production 
of  a  soluble  phosphorus  containing  organic  substance.  The  first 
two  of  these  are  the  result  of  the  activity  of  the  bacteria  on  the 
phosphorus,  iuid  the  last  is  due  to  the  metabolic  assimilation  of 
the  microorganisms. 

The  oxidation  of  sulphur  bv  sol!  bacteria  at  times  may  ge  u  rate 
suliicient  acid  to  play  a  ven,'  important  r61e  in  the  dissolvini:  ni  soil 
phosphoms.  HorKixs  ;md  Whiting  (15),  however,  consider  that 
the  nitrosomoiujs  arc  of  first  importance  in  rendering  phosphorus 
and  calcium  soluble,  due  to  the  minjus  acid  produced  from 
ammonia:  (NHJ.CO^  +  OU  =  2  lL\U,  +  ll,C03+2  H,0.  The  result- 
ing nitrous  acid  reacts  with  the  raw  rock  phosphate  rendering  it 
sohible,  thus:  Ca3(PO,),+4HNO,«CaH4(PO,),+  2Ca(NOa)a. 

Anal}  ses  showed  that  about  one  pound  of  phosphorus  and 
about  two  pounds  of  calcium  are  made  sduble  for  each  pound  of 
nitrogen  oxidized,  aside  from  tiie  action  of  the  add  radicles  asso- 
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dated  with  fhe  ^TnTfinniA.  Hie  caibonic  add  would  play  an 
nnportant  part  also  in  this  reaction:  4HaCO,4-C^(P04)s"" 
2  Ca(HCX)j)>+CaH4(P04),.  They  found  that  ndther  ammonifying 
bacteria  nor  nitrobacter  liberated  appreciable  quantities  of  sol- 
uble phosi^orus  from  insoluble  phosphates.  Whereas  this  would 
readily  occur  in  soil  poor  in  calcium  carbonate,  yet  in  those  rich 
in  calcium  carbonate  there  ■would  be  only  small  quantities  of 
phosphorus  liberated.  This  is  the  conclusion  reached  by  Kf.i.i.ky, 
but  where  the  soluble  phosphorus  is  rapidly  being  removed  by  the 
growing  ])lant,  there  is  little  doubt  but  that  the  various  soil  organ- 
isms play  an  important  part  m  rendering  phosphorus  soluble. 

Moreover,  it  is  quite  evident  Ih^itAzotohorler  in  their  metabolism 
transform  soluble  inorganic  soil  constituents  eitlier  into  soluble  or 
insoluble  organic  forms.  This  is  especially  true  of  phosphorus 
which  is  found  in  the  ash  of  these  organisms  in  such  large  quantities. 
The  phosphorus,  on  the  death  of  the  organism,  is  rciunied  to  the 
soil  in  a  readily  available  form,  for  Stok.l.\sa  has  found  that  50 
per  cent  of  the  nitrogen  of  these  organisms  is  nitrihed  within  six 
weeks,  and  there  is  no  reason  for  believing  that  the  phosphorus 
would  be  liberated  mofe  slowly.  There  is  also  the  possibility  that 
many  of  the  constituents  of  the  bacterial  cell  may  become  available 
through  the  action  of  autolytic  enzymes  without  the  intervention 
of  other  bacteria  (19). 

It  b  further  evident  that  an  organism  which  possesses  the 
power  when  growing  under  appropriate  conditions  of  generating 
1.3  times  its  own  body  weight  of  carbon  dioxide  during  twenty-four 
hours  (34)  must  greatly  change  the  composition  of  the  media  in 
which  it  is  growing.  Water  charged  with  carbon  dioxide  is  a 
universal  solvent,  and  will  attadc  even  ordinary  quartz  rock- 
Granite  and  rocks  related  to  it  are  rather  quickly  attacked  with  the 
Uberation  of  potassium  and  other  elements.  Likewise,  it  would 
act  upon  the  tricalcium  phosphate  of  the  soil  with  the  formation 
of  more  readiK'  soluble  ])h()s])hati-s,  for  this  substance  is  four 
time?  as  soluble  in  water  charged  with  carbon  dioxide  as  it  is  in 
pure  water:  Ca  j  P(  );),+  2r(),  +  2lL()-ra.H,i  P04),+ra(HrO,),. 
Morco\er.  the  nitrogen-lucing  organisms  produce,  among  other 
products,  formic,  acetic,  lactic,  butyric,  and  other  acids.  The 
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kind  and  quantity  of  each  (](  ])cnd  iqxm  the  specifir  organisms  and 
iqKm  the  substance  on  which  they  are  acting.  These  substances 
are  sure  to  come  in  contact  with  some  insoluble  plant  food  which 
may  be  rendered  soluble,  for  they  have  a  high  solvent  power  for 

the  insoluble  phosphates  (2,2^.  The  resulting  salts  of  calcium 
would  be  attacked  further  by  bacteria  with  the  formation  of  calcium 
carbonate  (5). 

Whether  these  processes  \\\\\  give  ri>e  tt)  an  increase  in  the 
water-soluble  plant  food  of  tlic  soil  will  dq^end  upon  whether  the 
products  of  the  second,  the  analytical  reactions,  exceed  the  products 
of  the  first,  the  s\  nthetic  reactions.  \\'e  must  not  lose  sight  of  the 
fact  that  although  many  of  the  organic  phosphonis  constituents 
may  not  be  soluble  in  pure  water,  they  may  be  more  available  to 
the  living  plant  than  are  the  constituents  from  which  they  at  first 
were  deiived  thiou^  bacterial  activity.  This  being  the  case, 
vaiiatians  may  be  eipected  in  the  results  reported  from  laboratory 
tests.  Stoklasa  (^3)  found  that  bacterial  activity  rendered  the 
phosphonis  of  the  soil  more  sohible,  whereas  Severin  (27)  in  his 
early  work  found  the  opposite  to  be  true.  Others  have  found  that 
the  solvent  action  of  bacteria  for  insoluble  phosphates  is  in  direct 
proportion  to  the  add  secreted  by  the  organism  (a6). 

In  a  later  work  Seveun  (38)  obtained  different  results.  He 
used  three  soils,  one  sterile,  a  second  sterilized  and  inoculated  with 
pure  cultures  of  Azotohacter,  and  a  third  sterilized  and  inoculated 
with  cultures  of  B.  radicicola  and  Asok^focter.  The  solubiUty  of 
the  phosphorus  increased  8  to  14  per  cent  over  that  in  the  sterile 
soil.  The  acid-producing  organisms,  due  to  the  acid  secreted  and 
their  intimate  contact  with  the  soil  particles,  possess  the  power 
of  dissolving  silicates.  Moreover,  arsenic  greatly  stimulates  nitro- 
gen fixation,  and  there  is  a  relationship  between  this  increased 
bacterial  activity  and  the  form  and  quantity  of  phosphorus  found 
in  such  a  soil  (7). 

Altlaough  the  metabolic  activity  of  Azotdnickr  gives  rise  to 
large  quantities  of  phosphate  solvents,  these  organisms  transform 
phosphorus  mXo  organic  phosphorus  compounds  less  rapidly  than 
do  the  animonifiers  (35).  There  are  cases,  however,  in  which 
bacterial  activity  has  decreased  the  water-soluble  phosphorus  of 
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the  soil  and  of  mw  rock  plu)q>hate  (361 37).  This,  however,  does 
not  indicate  that  it  is  less  available,  for,  as  pointed  out  by  Tkuoo 
(38),  the  mixing  of  floats  with  manure  caused  an  immediate  decrease 
in  the  sohibility  of  the  phosphorus  in  0.2  per  cent  citric  add  sohition» 
yet  when  thoioug^mized  with  the  feeding  area  of  the  soil  its  avail- 
ability was  increased  to  such  an  extent  that  some  species  of  plants 
appansitly  were  able  to  secure  almoF^t  an  adequate  supply  of  phos- 
I^ioras  from  this  material.  The  addition  of  manure  to  the  soil 
greatty  increased  the  carbon  dioxide  production,  and  for  a  short 
time  measurably  increased  the  solvent  action  on  floats.  Where 
there  is  a  decrease  for  a  time  of  water-soluble  phoqihorus  in  fer- 

TABLE  X 

Total  WAnMouiBis  vBOBPSomn  nm  oscamic  raoavBOBim  in  bul  to  wnoi 
VAUoro  tAtaa  bad  bedt  AntiKD  amd  xxtx  iok  nus  mass* 

m  mnuATBD  soil  Bxmo  takxm  as  ioo  nn  ckkt 


CUovMb 

Mitato 

Sti^>htte 

CUlMBBta 

1  J!4  0 
TO()  6 

IOI.6 

lOJ.I 

90  3 
100.3 

09.8 
105  7 
105.9 

105.3 

86.1 

103.4 

ioS-3 
102. 1 

»3S» 
9JS 

88:4 
to8.4 

lOI .  I 

U8.3 

menling  media,  it  is  probably  due  to  the  formation  of  phospho- 
proteids  Nvithiii  the  bodies  of  the  bacteria  (31),  and  these  would 
later  he  rendered  soluble,  due  either  to  furtlier  bacterial  activity  or 
auidlx  tic  enzvTues.  This  increased  bacterial  activity  should  and 
actually  does  result  in  an  increased  walcr-soluble  and  ufgaiuc 
phosphorus  of  the  soil,  as  may  be  seen  from  tabic  X,  in  wliich  tlie 
water-soluble  phosphorus  plus  the  organic  phosphorus  in  the 
untreated  soil  has  been  taken  as  100  per  oeot. 

In  an  except  seven  cases  where  the  salts  had  increased  bacterial 
activities  there  also  lesuhed  an  increase  in  the  available  phosphorus. 
Moreover,  associated  with  this  increase  of  available  phosfAonis 
go  increased  crops  as  found  in  field  and  pot  experiments,  and  the 
significant  feature  of  these  facts  is  that  there  is  also  an  increase 
in  the  phosphorus  of  these  plants  (7,  zo). 
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Summary 

Many  salts  when  applied  to  a  soil  in  small  (juantities  in(  rea>t.' 
the  bacterial  activities  of  that  soil.  This  is  manifest  by  an  increased 
production  of  ammonia,  nitrates,  anrl  soluble  and  organic  phos- 
phorus, together  with  an  increased  nitrogen  iLxation.  Usually, 
although  not  aKva\  s.  those  salts  which  become  toxic  in  the  lowest 
concentration  are  the  j^reatest  baetciial  >U!nuUat^. 

Tlicre  is  a  \  cry  close  correlation  between  toxicit}'  of  the  various 

salts  and  the  osmotic  pressure  produced  in  the  soil,  thus  showing 

that  toxicity  is  due  in  part  to  osmotic  disturbances.  Another 

factor  of  equal  importance  is  the  change  in  chonical  composition 

ol  the  protoplasm  resulting  from  the  formation  of  salts  of  the  protein 

other  than  those  normally  occurring  in  the  living  protoplasm,  thus 

hicapadtating  them  for  llieir  normal  functions. 
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(WIIH  PIATE8  V-Vm  Aim  EIGHT  FXGUB£S) 

In  the  study  of  the  vascular  anatomy  of  plants  it  has  been  zeal- 
ked  that  it  is  necessary  to  study  the  successive  stages  which  the  plant 
passes  through  in  the  progress  of  its  development.  Since  it  is  the 
ahn,  first  of  all,  to  detennine  the  positi<m,  interrelationship,  and 
structure  of  the  different  vascular  components  of  the  mature  plant, 
this  procedure  not  only  facilitates  the  work,  but  in  most  cases 
perhaps  is  absolutely  necessary.  Likc\\'isc,  in  the  search  for  facts 
"which  arc  to  show  indications  of  ])hyIogcnetic  relationship,  it  is 
unnecessar>-  to  point  out  that  it  is  in  the  developmental  stages 
that  these  are  most  likely  to  be  found.  This  method  has  proved 
to  be  especially  necessar>-  in  tlie  case  of  the  Marattiaceae,  for  the 
vascular  structures  in  the  mature  plant  arc  not  only  very  complex 
and  diliicult  to  interpret,  but  as  the  plant  develops  there  are  marked 
changes  appearing  in  the  anatomical  structures  from  stage  to  stage, 
in  .-,omc  of  Liie  previous  investigations  on  the  anatomy  of  the 
Marattiaceae  the  failure  to  follow  this  method  has  led  to  much 
confusion  and  incorrect  interpretation  of  the  facts. 

Historical 

Considerable  attention  has  been  given  to  the  Marattiaceae  in 
the  last  fifty  years,  due  chiefly  to  the  evidence  from  geological 

records  that  this  group  of  ferns,  or  a  closely  related  group,  was  of 
great  abundance  and  wide  distribution  in  the  past,  and  to  the 
ujiique  morphological  and  anatomical  features  which  this  group 
presents.  Most  of  the  work  done  on  the  anatomy  of  the  Marat- 
tiaceae has  been  rather  scattered  and  incomplete.  The  re^on 
for  this  has  chielly  been  the  lack,  of  material,  as  these  ferns  are 
restricted  to  rather  inaccessible  parts  of  the  world.  Although 
plants  have  been  transported  to  many  conservatories,  this  has  not 
x8l]  [BotanicAl  Gazette,  vol.  73 
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appreciably  altered  the  situation,  because  of  the  taniineM  in  the 
germination  of  spores  and  the  slowness  of  growth  of  the 
gametophyte. 

The  investigations  on  the  anatomy  of  the  Marattiaceae  up  to 
1900  have  been  reviewed  by  Mis<  Skovk  ( 12).  It  is  evident  that 
the  work  up  to  that  time  was  rather  unsatisfactory,  as  only  mature 
stems  were  dealt  with,  and  the  material  in  most  cases  was  limited 
to  one  specimen.  Miss  Shove  also  worked  with  a  mature  stem. 
Since  then,  howe\er,  several  investVations  have  been  carried  out 
in  which  the  younger  stages  have  l>een  studied.  In  1902  Farmer 
and  Hill  {&)  published  the  results  of  an  investigation  on  the 
development  of  the  vascular  an  iiomy  in  Atigioptcris  eircta,  which 
was  supplemented  by  a  paper  on  the  younger  stages  by  Campbell 
(2)  in  1909.  A  thorough  investigation  on  the  development  of  the 
vascular  anatomy  of  MaraUia  alala  was  earned  out  by  Miss 
Charies  (7)  tnipi  I .  This  was  the  first  investigatioii  on  the  anat-  * 
omy  of  this  group  based  on  an  abundance  of  material.  In  191 7 
West  (13)  added  another  contribution  to  the  knowledge  of  the 
vascular  anatomy  of  this  group  in  a  paper  on  the  anatomical 
structures  of  Dauaea  spp.  and  several  of  the  other  genera.  This 
investigation  also  was  based  on  an  abundance  of  material. 

In  comparing  the  conclusions  drawn  in  this  literature,  it  is 
evident  that  the  vascular  anatomy  of  the  plants  of  the  six  genera 
of  the  Marattiaceae  is  ver>'  complex,  but  shows  a  striking  simi* 
larity  in  facts  both  in  the  developmental  stages  and  the  more 
mature  plants.  Differences  which  arc  reported  are  mainly  in 
details  and  in  the  interpretation  of  facts.  There  seems  to  be  an 
agreement  of  opinion  that  the  sporophyte  of  the  ^farattiaceae  is 
traversed  by  a  central  strand  of  vascular  tissue,  called  a  dictyostele, 
from  which  roots  and  leaf  traces  arise.  This  stele  is  at  hrst  -^(^lid, 
or  protostelie.  then  passes  to  a  more  or  less  tubular  form,  a  solcno- 
stele,  which  is  soon  broken  oj^en  by  leaf  gaps  which  are  at  first 
wholly  repaired,  but  later  overlap,  so  that  the  central  strand 
becomes  a  banded  structure  which  api)ears  crescent-shaped  in 
cross-section.  This  at  first  is  simple,  but  later  becomes  complicatetl 
by  the  appearance  of  commii^sural  and  medullar}'  strands.  Dis- 
agreement is  shown  in  regard  to  the  meristematic  regions,  the 
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pfiesence  or  absence  of  an  endodennis,  the  origin  of  lateral  roots, 
and  whether  the  central  strand  is  of  cauline  or  foliar  origin;  The 
relationship  between  roots  and  leaves  and  the  vascular  anaiige- 
ments  in  the  stipules  are  also  points  still  unsettled. 

Material  and  methods 

The  material  used  in  this  investigation  was  collected  on  the 
island  of  1  utuila,  Samoa,  by  Dr.  W.  J.  G.  Land,  of  the  Huli  Botani- 
cal Laborator}-.  during  October  and  Xovemher  t  g  1 2 .  It  consisted  of 
an  abundance  of  \oung  sporophytes  of  Angiopieris  necta,  ranging 
from  the  iirst  to  the  tenth  leaf  stages  and  a  few  somewhat  more 
advanced. 

This  material  waa  imbedded  in  paraflin,  and  complete  serial 
sections  ranging  from  10  to  20  n  in  thickness  were  made  with  a 
rotary  microtome.  These  sections  were  then  studied  from  below 
upward,  and  diagrammatic  reconstructions  were  drawn  of  the 
different  stages.  From  these  a  final  reconstmction  was  made  in 
whidi  the  diffoent  stages  were  superposed  one  upon  another  to 
show  as  dearty  as  posable  the  successive  stages  which  the  plant 
passes  through  in  the  progress  of  its  development.  The  moat 
serious  difficulty  encountered  was  the  fact  that  as  the  qioieling 
develops  beyond  the  third  and  fourth  stages,  the  lower  part  of  the 
stem  becomes  more  or  less  distorted,  and  in  still  older  stages  even 
decays.  This  difficulty  was  overcome  by  studying  a  dose  series  of 
stages,  which  the  material  provided,  selecting  characteristic 
sections  from  the  younger  stages,  and  carefully  matching  these 
with  sections  representing  the  same  morphological  location  in  the 
older  stages.  The  possibility  of  misintexpretation  due  to  local 
variations,  which  are  quite  common  in  the  anatomy  of  Angiopieris, 
was  guarded  against  by  studying  several  specimens  of  the  same  or 
approximate^  the  same  stage. 

Investigation 

External  features 
While  the  external  feature?,  of  Angioptcris  have  been  described 
by  several  investigators,  these  will  lie  reviewed  in  part  to  assist  in 
relating  the  internal  structures  with  the  external  features,  ihe 
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firat  pecoHarity  of  the  young  aporophyte  of  Anghpieris,  as  wteD  as 
of  all  Marattiaceae,  Is  tbe  way  in  ^^lich  tbe  fixst  leaf  makes  its 
exit  from  tlie  gametopliyte.  As  is  weU  known,  in  most  ferns  the 
piimaiy  leaf  grows  fint  downward,  and  then  emerges  from  under 
the  gametophyte  through  ^  notch  In  the  heart-shaped  form  of  the 
latter.  In  Angiopteris,  on  the  contxaiy,  the  first  leaf  pushes  its 
way  upward  through  the  gametophyte  and  emerges  on  the  dorsal 
side,  as  shown  in  figs,  i  and  2.  Campbell  (3)  attributes  this 
hehavior  to  the  fact  that  the  first  division  of  the  f ertiliaed  egg  comes 


Fui»»  t,  i.—GBButapbyti  tad  ^Niidiiig  of  At^pkritt  dioiriiiK  laode  of  alt  of 
primaiy  iporaphyte  oisuu  from  pntfaa^  X4* 


in  transversely  to  the  axis  of  the  archegonium,  or  parallel  with  the 
a?ds  of  the  gametophyte;  while  in  most  ferns  it  is  usual  to  lincl  the 
first  wall  perpendicular  to  the  gametophyte,  or  parallel  with  the 
axis  of  the  archegonium.  in  an  unpublished  jiaper  by  Land  (ii) 
on  tlie  eml)r}  ogeny  of  A  npopferis,  the  presence  of  a  well  delined 
suspensor  is  reporter],  and  he  suggests  that  this  organ  very  probably 
is  responsible  for  tlie  initial  upward  growth  of  the  priman,'  leaf  in 
the  Marattiaceae.  The  suspensor  has  now  been  reported  for  two 
other  genera,  Macroglossum  (5)  and  DiUiaca  {i),  and  it  is  probable 
that  its  presence  in  the  remaining  genera  awaits  lurther  investiga- 
tions. 
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The  next  poiiit  to  be  observed  is  the  appearance  of  the  stem  tip. 
About  the  time  the  first  leaf  has  emerged  from  the  {2:aTnetoph}'te, 
a  flight  depression  is  seen  on  the  dorsal  side  of  the  petiole  where 
this  i^asses  into  the  root.  At  the  bottom  of  this  depression  there 
ii  a  well  det'med  a]Mcal  cell,  which  can  easily  be  seen  from  longitu- 
dinal sections  of  the  young  sporophyte.  The  second  leaf  appears 
on  the  crest  of  this  depression,  usually  about  i^o  irujn  the  first, 
while  the  corresponding  root  emerges  directly  below,  next  to  the 
primary  root.  The  succeeding  leaves  appear  at  approximately 
the  same  dktance  fram  the  next  olda  leaf  that  tfieseoHid  appeared 
from  the  first,  thus  fomung  a  spiral  axrangement  which  may  be 
dockwise  in  one  plant  and  coimter<dodcwise  in  another.  This 
habit  has  an  important  bearing  upon  the  development  of  the  internal 
stmcture^as  will  be  shown  later.  The  succeeding  roots  grow  through 
the  cortex  and  appear  from  below  the  thickening  stem,  and  later 
penetrate  the  sides.  The  relation  between  the  roots  and  the 
corresponding  leaves  cannot  be  determined  from  external  appear- 
ances after  the  third  and  fourth  leaves  have  appeared.  In  none  of 
the  specimens  studied  had  the  roots  branched,  and  no  differences, 
except  in  size,  could  be  discerned  from  the  external  appearances  of 
the  different  roots. 

A  characteristic  feature  of  the  mature  plants  of  the  IMarattiaceae 
is  the  presence  of  conspicuous  fleshy  stipules.  In  the  first  leaf 
of  Anglo  pier  is  no  stii^iile^;  are  visible,  while  in  the  second  slight 
thickenings  show  their  rudiments.  No  well  developed  stipules 
appear  until  the  fourth  leaf.  At  this  stage  the  stipules  apj)ear  as 
lateral  swellings  on  the  petiole  as  soon  as  the  leaf  is  visible.  As 
the  leaf  develops  and  the  petiole  elongates,  the  uppjer  part  of  tlie 
stipule  bpliis  away  from  the  petiole,  and  this  gives  rise  to  the  more 
or  less  pointed  lobes.  In  all  sporelings  examined  there  were  no  in- 
dications of  dorsivuiliaiiL) ,  either  in  extemai  appearance  or  internal 
structure. 

GbMEBAL  INIBSMAL  SISUCTOBS 

The  general  hitetnal  structure  of  a  stem  of  Angioptms  which 
has  developed  beyond  the  first  few  stages  may  be  divided  Into  two 
main  regions,  the  cortical  and  the  central  vascular.  The  cortezy 
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which  is  composed  ol  rather  large,  thin-walled  cells  without  inter- 
cellular spaces,  is  relatively  thick,  with  an  abundance  ot  starch 
deposited  in  the  ccll.>  surrounding  the  central  re^on.  In  the 
younger  stems  cells  filled  with  taiinin  are  quite  abundiint.  but  in  the 
older  sta^e^i  these  are  less  conmion.  This  cortical  area  is  tra\er>ed 
by  tlie  outgoinf^  leaf  traces,  and  iiumerous  roots  digest  their  way 
down  through  it.  The  leaf  traces  are  single  in  the  younger  stages, 
but  in  the  older  levels  these  bifurcate  before  entering  the  stipules. 
Because  of  the  spiral  arrangement  of  the  leaves,  the  leaf  traces 
are  arranged  in  sooes  ndildi  eiihibh  a  spiral  appearance  in  aoss* 
sectbn,  in  which  the  younger  are  closer  to  the  center  than  the 
older.  No  fusing  of  leaf  traces  or  a  branch  from  one  leaf  trace 
with  that  of  another  takes  place.  The  leaf  traces  pass  outward 
directly. 

The  central  region  consists  of  the  vascular  tissue,  imbedded 
in  a  ground  tissue  which  may  be  called  the  central  parendiyma. 
This  parenchyma  does  not  differ  markedly  from  the  cortical  tissue 
except  that  the  cells  are  somewhat  smaller,  have  thinner  walls, 
and  less  starch.  In  the  Erst  few  stages  there  is  a  conspicuous 
endodermis,  but  in  the  older  stages  there  is  no  sudi  layer  of  cells 
which  marks  ofl  the  central  region  from  the  cortex,  and  the  central 
paroichyma  passes  insensibly  into  the  former.  The  central  vascular 
tissue  consists  of  a  strand  which  appears  more  or  less  crescent - 
sha))e(i  in  cross-section.  The  x>,'lem  is  endarch  and  is  completely 
surrounded  by  phloem.  From  one  edge  of  this  strand  leaf  traces 
are  given  off,  and  Uiis  contribution  is  alwa\s  from  the  same  edge 
in  the  same  plant  (figs.  4).  On  the  outer  .side  of  the  other  edge 
of  this  central  strand  a  i  n  *  stele  is  joined,  usualh'  at  about  the 
same  level  Uiai  ilie  leaf  tiai  c  is  given  oil.  The  \ascular  tissue 
thus  contributed  to  the  leaf  traces  is  made  good  on  the  other  edge 
in  two  ways,  by  an  increase  of  vascular  tissue  on  the  edge 
itself  and  by  the  addition  of  commissural  strands.  From  the  edge 
of  each  leaf  trace  abutting  on  the  opening  in  the  central  strand  a 
conmiissural  strand  is  given  off  where  the  leaf  trace  is  freeing 
itself  from  the  central  strand.  This  bends  outward  and  passes 
diagonally  upward  and  fuses  with  the  opposite  edge  of  the  central 
strand  just  below  where  the  next  root  above  is  attached  (figs.  9-15). 
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Ytn.  3.— Dbgnms  of  Mcdons  of  stde,  ahowing  stde  davdopmcDt  vs^  to  tUid 
leaf  (only  xykm  ihown) ,  sections  not  successive:  r.,  r„  r«  first,  second  third,  and 
fourth  root  tiaoet;  kt  k,  i>,  fint,  teoond,  and  tbiid  kaf  tiaoas;      first  nMnmhwiial 

strand;  Xiji. 


Fto.  4.— Diagnnu  of  sections  of  stele,  cummencing  bligtuiy  bciow  where  Ur:>t 
meduOaiy  Strand  afifMBrsConltyigrlai  shown);  sections  not  suooessive:  #1,  root  stde; 
CT.  rummjflattnlitmnd;  lr,kaftiBoe;      mudlage  canal;  «w,,  first  medullary  strand; 

X80. 
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It  Is  evident  that  by  a  coatmual  loss  of  tissue  from  one  edge  and 
an  addition  on  the  other,  in  the  successive  sections,  tlie  crescents 
fnU  appear  to  move  hi  a  drde,  faiKrftting  that  tiie  strand  is  a  more 
or  less  open  spiral.  The  ^tlanation  for  this  spiral  condition  s  to 
be  found  in  the  spiral  successicm  of  the  leaves.  In  the  stagies  abo\  c 
the  eighth  leaf,  a  medullary  strand  appears  on  the  inner  side  of  the 
central  strand,  usually  slightly  above  and  opposite  the  junction 
of  a  root  stele.  This  passes  diagonaUy  upward,  crosses  the  central 
parenchyma  tissue,  and  fuses  with  the  commissural  strand  before 
the  latter  has  joined  the  central  strand  (S^^.  5).  In  thi';  rondition 
they  meet  the  edge  of  the  central  strand,  nrd  the  commissural 
strand  fuses  with  the  latter  and  is  lost.  The  medullar)-  strand, 
fused  to  the  inner  side  of  the  central  strand,  but  retaining  its 
identity,  pa»a.ts  upward  until  the  union  of  the  root  and  the  central 
strand  has  been  cleared,  when  it  frees,  itself  and  repeaLs  its  cour>c 
across  the  central  parenchyma  tissue.  This  behavior  of  the 
meduikuy  strand  agrees  in  the  main  with  the  condition  in  Marattia 
as  described  b}'  ^liss  CiiAJiLKS  (7).  In  the  lower  levels  of  tlie  stem 
a  mucilage  canal  appears  in  the  center  of  the  parenchyma  tissue. 
This  canal  divides  wherever  a  leaf  trace  is  given  off,  and  one  of 
the  brandies  follows  the  inner  side  of  the  latter. 

Each  leaf  trace  is  definitely  related  to  one  root.  Holub  (10)  - 
has  reported  the  same  condition  in  MaratUa,  but  found  two  roots 
to  each  leaf  in  Angiofikns.  The  writer  in  some  cases  found  two 
roots  attached  on  the  same  level,  and  it  appeared  as  if  two  roots 
were  related  to  one  leaf.  After  following  out  the  senes,  however, 
it  was  found  that  these  roots  were  rdated  to  different  leaves. 
*  This  variation  will  be  discussed  more  fully  later.  The  root  which 
appears  abnost  opposite  each  leaf  trace  is  related  to  the  next  leaf 
above.  In  the  younger  stages  each  leaf  trace  is  joined  to  the 
central  strand  directly  above  the  insertion  of  its  corresponding 
root  (fig.  9);  but  in  the  older  stages  the  leaf  trace  may  be  displaced 
to  the  right  or  left  of  the  corresponding  root,  as  the  case  may  be, 
due  to  the  spiral  condition  of  the  central  strand  digs.  11  -15^ 
'I  hc  distance  betx^^een  the  root  stele  and  the  junction  of  the  corre- 
sponding leaf  trace  above  increases  also  in  the  successive  stages. 
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Fig.  5. — Diagrams  of  sections  of  stele,  showing  course  of  different  vascular 
confMiBCBtf  allcr  tppni finer  of  aiediiQwy  ttmid  (onlb^  ^dcm  dunni);  tsdioBs  not 

sinTe'^-i\  (■;  r.  root  stele;  /,  leaf  trace;  wt,  medullary  strand;  r,  conunissural  strand; 
Mc,  mucilage  canal;  dotted  lines  with  arrows  indicate  origin;  and  approximate  counes 
ol  Ittf  tncet,  ooauniatunl  stnuids,  and  medullaiy  stnuui;  X 16. 
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Fast  LBA7  STAGE 

The  fiist  few  stages  have  been  described  by  Faxmbr  (8)  and 
Campbell  (a),  and  the  ptesent  investigatian  adds  little  to  their 
descriptions.  The  primaiy  root  is  stated  by  than  to  be  diarch. 
The  writer  found  this  to  be  true  in  some  cases,  but  in  as  many  cases 
the  root  was  found  to  be  triarcfa.  Similar  variations  have  been 
reported  by  Campbell  in  Danaea,  Boirychium,  and  HdmifUko^ackys 
(3).  The  endodemii^  is  well  organized  and  is  sq)arated  from  the 
protoxj^lem  and  protophlocm  by  a  uniseriate  pericjxle.  In  some 
places  the  protoxylem  abuts  directly  on  the  endodermis,  as  has 
been  rq^ortcd  previously  (8).  Tn  the  diarch  stele  there  are  two 
protophloeni  points  and  in  the  triarch  three  (tigs.  16,  17). 

The  transition  region  in  Angiopleris,  as  reported  for  other 
Marattiaceae,  is  a  soUd  strand  of  vascular  tissue  with  more  or  le^ 
irregular  outl'ne  ffi^.  tq).  In  passing  from  this  region  upward, 
some  cells  in  the  x\  lem  remain  unlignificd,  usually  near  the  center 
of  the  stele,  so  that  the  latter  may  become  more  or  less  tubular 
in  cross-section,  i'his  condition  has  been  called  a  solenostele 
(fig.  25).  In  some  cases,  howe\er,  lhe»e  parenchyma  cells  are 
more  scattered,  and  the  condition  resembles  what  has  been  reported 
for  Danaea  by  Bsebner  (i).  In  this  genus  the  parenchyma  cells 
appear  without  any  lektioii  to  the  center  of  the  protostde.  In 
either  case  the  appearance  of  these  unlignified  cells  maiks  the 
union  of  the  next  root  stele  and  the  corresponding  leaf  tiaoe  above. 
The  writer  agrees  with  Bkebnes  that  "tlie  parenchyma  .  .  .  . 
called  pith  is  probably  shnply  due  to  the  root-junction  and  the 
prqMkiatiQn  of  the  departure  of  the  leaf  trace."  No  phloem  is 
developed  in  the  center  of  the  tubular  stele  at  this  stage. 

A  longitudinal  section  of  the  ^reling  at  this  stage  show^  a 
weU  defined  apical  cell  at  the  stem  tip  (hg.  18).  This  apical  cell 
has  been  reported  by  Campbell  in  Macroglossum  (5),  by  Miss 
Cha&les  in  MaraUia  (7),  and  by  West  in  Danaea  (13).  In  a 
transverse  section  it  was  impossible  to  locate  definitely  this  apical 
cell,  but  from  the  shape  of  the  cells  in  the  stem  tip  region  it  seems 
that  this  cell  is  four-sided.  No  procambial  tissue  is  to  be  obser\^ed 
below  the  stem  tip.  a  condition  which  has  been  reported  by  Brebner 
for  Dattaea  and  by  Campbell  for  A  ngiopleris.   The  tirst  differentia- 
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tioa  of  vascular  tissue  is  found  to  be  related  to  the  second  leaf 
trace.  The  few  tracheids  which  join  up  the  first  leaf  sta^  with 
the  second  pass  into  the  second  root  stele,  while  some  pass  directly 
iqnrazd  and  add  to  the  structure  of  the  second  leaf  tiace  (fig.  3D,E). 

Second  leai  stage 

The  seconrl  root  appears  slightly  above  the  transition  region, 
about  130"  from  the  first  leaf  trace.  Fig.  20  shows  this  root  in  a 
very  young  stage.  It  is  impossible  to  state  from  what  tissue  this 
originates,  since  it  appears  before  any  differentiation  of  tissues  has 
taken  place.  The  same  is  also  true  of  MaratUa.  The  second  leaf 
trace  appears  directly  above  the  second  root.  Some  variation 
occuzB  at  this  stage;  the  second  leaf  trace  may  be  joined  to  the 
tfalid  by  both  edges,  in  which  a  second  tube  is  foimed  andthegap 
fonned  by  the  first  leaf  is  repaired.  In  as  many  cases,  however, 
only  one  edge  is  jomed  up  with  the  third  leaf  trace,  and  in  such 
cases  the  leaf  gap  Is  not  repaired.  In  either  case  the  phloem 
occuiB  on  the  inside  as  well  as  on  the  outside  of  the  vascular  tissue. 
The  endodennis  which  was  very  evident  hi  the  first  stage  is  more 
difficult  to  locate.  Although  endodeimal  thickenings  occur,  the 
duueacteristic  organization  is  more  or  less  broken  up.  In  no  cases 
was  the  vascular  tissue  observed  to  become  a  solid  strand  after 
the  junction  of  the  first  and  second  leaf  stages  had  been  passed. 
In  Marattic,  on  the  contrary,  the  protostelic  condition  may  appear 
more  than  once. 

TtaiRD  USAF  STAOE 

After  the  second  leaf  stage  has  been  passed,  the  vascular  tissue 
of  the  central  region  never  appears  as  a  tube.  The  third  root 
fltck  originates  on  the  level  with  the  outgoing  of  the  second  leaf 
trace  from  the  central  region.  At  this  stage  the  leaf  trace  comes 
ofT  from  one  edge  of  the  central  strand,  which  is  the  \  asciilar  tissue 
leading  up  to  the  fourth  leaf  trace  (fig.  3  F-H)u  The  latter  tissue 
now  a.^^sumes  a  crescent-shaped  fonn  in  cross-section.  A  few 
scattered  tracheids  may  come  off  the  free  edge  of  the  third  leaf 
trace  and  wander  back  toward  the  central  strand,  or  may  end 
blindly  before  arrixing  there.  These  tracheids  represent  the 
rudimeataxy  commissural  strand,  which  in  many  cases  is  fairly 


Digitized  by  Google 


aOTANiCAL  GAZETTE 


well  developed  at  this  stage  (fig.  3  G,  H).  The  leaf  trace  passes 
out  to  the  petiole  undivided,  and  the  stipules,  which  are  not 
conspicuous  at  this  stage,  have  no  vascular  strands. 

FoUJtTH  AMD  FIFtB  IfAF  STAGES 

In  the  fourth  leaf  stage  the  rommiwwiral  strand  is  well  developed 
and  sqporates  from  the  leaf  trace  after  the  latter  has  passed  a 
{donaiderable  distance  from  the  central  strand,  then  it  approaches 
the  opposite  edge  of  the  latter.  This  behavior  is  the  same  as  sfaoim 
in  fig.  4  A-C,  Meanwhile  this  edge  of  the  centcal  strsnd  is 
approaching  the  commissural  strand  by  the  addition  of  vascular 
tissues,  and  when  the  two  meet,  fusion  takes  place  (fig.  4  C-F). 
At  this  stage  a  mucilage  canal  appears  in  the  center  of  the  central 
parenchyma.  This  divides  where  the  leaf  trace  gut  s  outward,  and 
one  branch  follows  the  inner  side  of  the  trace.  The  fifth  stage  b 
vezy  much  like  the  fourth  except  that  the  stiamte  am  larger  and  the 
commissural  strand  leaves  the  leaf  trace  closer  to  where  the  latter 
comes  off  the  central  strand.  The  central  strand  has  increased  in 
size  so  that  the  root  stele  reaches  <mly  half  way  around  the  other 
side.  \o  well  defined  endodermis  is  discernible  in  this  and  the 
subsequent  stages. 

Sixth  and  seventh  leaf  stages 
The  sixth  and  seventh  leaf  stages  differ  from  the  fifth  mainly 
in  the  stipular  r^on,  which  will  be  discussed  later. 

Eighth  and  ninth  leaf  stages 
In  the  eighth  leaf  stage  a  new  feature  presents  itself  in  the 
appearance  of  a  me<lullary  strand.  This  strand  Ls  first  visible 
coming  off  the  inner  side  of  the  central  strand  opposite  the  junction 
of  the  ninth  root  ffig.  4  FV  Tile  medullary  strand  takes  a  diago- 
nally upward  i  ()ur>.c.  (  rossc.^  the  central  parench>TTia.  and  fuses  only 
partially  with  the  commissural  strand  inniiediately  before  the  latter 
has  mt't  the  central  strand.  Ik)th  join  the  edge  of  the  central 
Stroud  just  below  the  junction  of  the  tenth  root  (fig.  5  A-F).  The 
comniiasural  strand  becomes  an  integral  part  of  the  central  strand, 
but  the  medullar>'  strand  remains  visible,  joined  to  the  inner  side 
of  the  central  strand,  and  passes  iqpvward  to  the  upper  level  of  the 
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foot  junctiaii  (fig.  14).  In  these  stages  the  leaf  trace  bifurcates 
whOe  still  'Within  the  cottex. 

Tenth  and  sttbreqitent  stages 

The  tenth  -tage  is  ven,-  similar  to  the  eighth  and  ninth,  except 
that  the  ditierent  strands  have  increased  in  si/e.  In  cross-section 
the  crescent  shape  of  the  central  strand  ib  less  evident,  especially 


Vu..  (>.-  Diagram  of  section  of  stem  above  tcn(h  liaf  sUge:  c,  central  strand; 
ms,  medullary  strand;  cs,  commissural  strand;  //,  leal  trace;  ss,  stipular  sUmnds;  ft, 
petiolar  strands;  r»  root;  mr,  mtriatematic  region  of  stipule;  X8. 


in  the  region  of  a  root  junction.  In  some  places  the  conunissunl 
strand  and  the  central  strand  are  very  shnihr  both  In  size  and  shape. 
The  central  and  the  commissural  strands  and  the  leaf  traces  are 
always  cndarch,  while  the  medullary  strand  is  exarch  (figs.  21,  2a). 
The  commissural  strand  comes  off  close  to  the  central  strand,  and 
the  leaf  trace  bifucates  close  to  the  central  region.  At  this  and 
the  subsequent  stages  five  vascular  strands  may  leave  the  central 
strand  approximately  on  the  same  level;  namely,  the  eighth  leaf 
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trace  (which  usually  comes  off  divided),  a  root  stele,  the  com- 
miasural  strand,  and  the  medullary  strand.  A  sectkm  of  the 
sporophyte  at  this  stage  is  shown  in  hg.  6. 

In  the  more  advanced  specimens  studied  the  exact  stage  could 
no  longer  be  determined,  owing  to  the  distortion  and  decay  of  the 
lower  regions.  The  difference  between  these  and  the  previous 
stages  was  shown  in  the  earlier  bifurcation  of  the  leaf  traces,  which 
may  take  place  as  the  leaf  is  preparing  to  leave  the  central  strand. 


Fins.  7,  K  — Fig.  7,  diagram  showing  root  attachment  to  commissural  strand 
before  latter  has  joijied  central  strand  (only  xyiem  shown);  c,  central  strand;  ms, 
medidluy  stniid;  er,  commfaBwl  stfuid;  r,  root  stde;  ^  dMdiBg  letf  tnoe;  Xs8; 

fig.  8,  di<-igram  showing  two  roots  on  same  level;  one  joined  on  central  strand 
and  other  on  commissural  strand:  r,  central  strand;  ms,  medullaiy  fttrand;  cf,  com* 
missural  strand;  r,  root  stele;  /,  bifurcated  leaf  trace;  X38. 

The  commissural  strand  also  appears  earlier,  in  some  cases  bef<»e 
the  leaf  trace  is  free.  The  two  branches  of  the  leaf  trace  bifurcate 
while  within  the  cortex,  so  that  here  four  strands  from  one  leaf  trace 
enter  the  stipular  region.   Considerable  variation  was  observed  in 

the  attachment  of  the  commissural  strand.  This  may  run  up  farther 
before  merging  with  the  central  strand,  and  the  root  which  is  usually 
attached  to  the  central  strand  may  be  inserted  on  the  commissural 
strand  (fifi;.  7).  In  some  cases  also  a  root  may  ajipear  higher  on 
the  central  strand,  bringing  two  roots  ahnost  on  the  same  level 
(fig.  8).  In  such  cases  apparently  the  two  roots  are  related  to  one 
leaf  trace.   In  following  out  the  series,  however,  it  was  found  that 


Fio.  7 


Fig.  8 
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the  root  a^qpearing  on  the  central  strand  was  related  to  the  next 
leaf  above,  while  the  one  attached  to  the  commissuKal  stmul 
corresponds  to  the  leaf  trace  above  that.  The  i^ipeanuDce  of  roots 
on  the  cQmnuasuial  strand  seems  to  be  a  coanmoii  occtmence  m 
the  older  stems. 

Varcitlar  anatomy  of  stipules 

As  has  already  been  mentioned,  no  conspioious  stipules  appear 
until  the  fourth  leaf.  At  this  stage  the  leaf  trace  passes  through 
the  stipules  as  a  single  strand,  to  which  two  weakly  developed 
xylem  strands  are  attached,  which  pass  to  the  siipular  lobes.  In 
the  filth  leaf  these  strands  are  better  developed,  and  the  leaf  trace 
shows  signs  of  forking  where  the  stipular  strands  are  attached. 
The  latter  remain  unbranched  for  some  distance  from  the  leaf 
trace,  when  each  gives  off  usually  two  branches  to  the  upper  part 
of  the  lobes.  In  the  sixth  leaf  "die  trace  forks  where  tiie  stipular 
strands  are  given  ofif,  but  anastomosing  takes  place  Immediately 
beyond.  In  the  seventh  leaf  the  point  of  forking  of  the  leaf  trace 
has  moved  ckiser  to  the  stem,  and  anastomosing  is  delayed  longer 
than  in  the  previous  stage.  Further  branching  has  taken  place  in 
the  stipular  strands.  In  the  subsequent  leaves  the  point  of  forking 
of  the  leaf  trace  moves  doser  and  doser  to  the  central  region,  until 
finally  this  takes  place  as  the  leaf  trace  Is  preparing  to  free  itself 
from  the  central  strand.  Likewise,  the  point  of  anastomosing  of 
the  branches  is  moved  farther  and  farther  away  from  the  point  of 
attachment  of  the  st^ular  strands,  imtil  the  leaf  trace  passes  into 
the  petiole  still  divided.  Above  the  tenth  leaf  the  two  branches 
from  the  forked  leaf  trace  bifurcate,  so  that  four  strands  enter  the 
stipular  region.  In  this  region  further  branching  and  anastomosing 
take  place.  The  course  of  the  vascular  bundles  above  the  tenth 
leaf  is  represented  in  the  reconstruction  in  hg.  34. 

The  stipular  strands  which  pass  to  the  lobes  of  the  stipule 
bend  outward  and  pass  to  within  a  short  di>tance  ot  the  epidermis, 
where  the\  end  blindly.  The  lowest  (or  the  main  strand),  however, 
is  terminated  by  a  procambial  strand  which  originates  from  a  grouj) 
of  meristematic  cells  on  the  inner  side  of  the  edge  of  the  stipule 
slightly  above  where  thi^  merges  with  the  cortex.    Thii*  mcriatc- 
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niiitic  region  was  first  visible  in  the  seventh  leaf  (figs.  33.  31.  34). 
Such  a  region  has  been  reporteti  by  Gwynne-Vaughax  (q)  to  occur 
in  Kaulfussia  dndjircfmngiopteris,  and  \V  es  i  ( 13 )  reports  the  same  for 
two  species  ol  Danaea.  Although  not  reported  for  the  other  genera 
of  the  Marattiaceae,  it  is  probable  that  this  region  is  found  in  theni 
also.  Gwynne-Vauguan  suggests  that  this  region  might  represent 
the  rudiments  of  the  adventitious  buds,  and  West  reports  that  this 
does  actually  occur  in  Da$iam  nodota,  Wbik  this  region  may  give 
rise  to  adventltioias  shoots,  it  seans  probable  that  its  prindpal 
function  is  to  build  up  the  fleshy  stipules.  Innoneof  thespedmena 
of  Angiopteris  studied  was  there  any  evidence  of  tlie  presence  of 
adventitious  buds  in  this  region. 

Conclusions 

It  is  evident  that  Angiopteris  presents  an  example  of  striking 
general  variation  in  the  \ascular  structures  from  stage  to  stage. 
How  far  this  variation  is  continued  icniains  to  be  determined  from 
lurlher  studies  of  more  advanced  stages  than  have  been  dealt  with 
in  this  investigation.  From  the  facts  observed  in  the  stages 
studied,  however,  it  seems  probable  that  some  of  these  variatkms 
aie  continued  indefinitely  as  the  plant  increases  in  size  and  age. 
The  most  conspicuous  of  these  variations  are:  (i)  the  elimination 
of  the  endodeimis,  (2)  the  appearance  of  commissural  and  medullary 
strands  and  the  increase  in  their  importance  in  the  structure  of  the 
central  region,  (3)  the  repeated  bifurcation  of  the  leaf  traces,  (4) 
the  placing  closer  to  the  central  strand  the  point  of  attachment  of 
the  commissural  strand  and  the  point  of  forking  of  the  leaf  trace, 
and  (5)  the  variation  in  the  place  of  attachment  of  the  root  steles. 
Much  of  this  variation  toids  to  the  breaking  up  of  the  central 
strand,  a  fact  which  points  to  a  polystelic  condition  so  characteristic 
of  the  phylogenetically  advanced  types  of  the  different  groups  of 
vascular  plants. 

The  total  abscnc  c  of  a  cauline  procambium  is  interesting,  as  it 
suggests  that  the  centra'  vascular  ^lructure  in  the  stem  of  the 
Marattiaceae,  and  perhaps  other  closely  related  ferns,  is  mostly 
if  not  w  holly  of  foliar  origin;  that  is.  it  consists  of  a  s^mpodiuni  of 
leaf  tra(  (s.  The  delinite  relation  between  roots  and  leaves  strongly 
supports  this  theory. 
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z.  The  general  intemal  structure  of  the  stem  of  Angiepteris 
eteda  consists  of  two  main  regions,  the  cortical  and  central  vascular. 
The  relatively  thick  cortex  is  travosed  by  leaf  traces  and  roots. 
The  central  region  consists  of  a  vascular  strand  which  appears 
crescent-shaped  in  cross-section  and  is  imbedded  in  a  central 
parenchyma  tissue.  This  strand  gives  otT  root  steles  and  leaf 
traces.  In  addition,  commissural  and  medullary  strands  ai^)ear  in 
the  central  region. 

2.  The  leaf  traces  are  given  off  from  one  edge  of  the  central 
strand,  and  this  <  '  iitribution  is  always  from  the  same  edge  in  the 
same  plant.  On  about  the  same  level  that  the  leaf  trace  leaves 
the  central  strand  a  root  is  attached  on  the  outer  side  of  the  other 
edge.  The  contribution  thus  made  to  the  leaf  traces  is  made  good 
on  the  opposite  edge  in  two  ways,  by  an  increase  in  the  vascular 
tissue  on  the  edge  itself,  and  by  the  addition  of  commissural  strands. 

3.  The  cQnuDissuiBl  strand  originates  frcm  the  free  edge  of  the 
kaf  trace  after  the  latter  is  foeed  from  the  central  strand,  and 
passes  to  the  opposite  edge  of  the  central  strand  and  fuses  with  it. 

4.  By  a  continual  loss  of  tissue  from  one  edge  and  an  addition 
on  tiie  other  the  central  strand  assumes  a  spiral  condition.  This 
condition  is  due  to  the  spiral  succession  of  leaves. 

5.  In  the  older  stages  a  medullary  strand  appears  on  the  inner 
side  of  the  central  strand  opposite  the  upper  level  of  a  root  junction. 
This  crosses  the  central  parenchyma  tissue  and  fuses  with  the 
Gosnmissural  strand  before  the  hitter  his  fused  with  the  central 
stmnd.  After  fusion  has  taken  place,  the  medullary  strand  passes 
upward  on  the  inner  side  of  the  central  strand,  fused  to  the  latter 
but  retaining  its  identity,  until  the  root  junction  has  been  cleared, 
when  it  frees  itself  and  repeats  its  course  across  the  central  paren- 
ch>Tna. 

6.  Each  leaf  trace  i-  definitely  related  to  one  root.  The  root 
which  aj^pears  abnosL  opposite  a  leaf  trace  corresponds  to  the  next 
leal"  aho\(.'.  In  the  early  sta^'es  each  leaf  trace  appears  directly 
above  its  corrc>(»(niding  rout;  but  in  the  later  stages  the  leaf  trace  is 
di.>l)laced  to  the  right  or  left,  as  the  case  may  be,  uf  its  corresponding 
root,  due  to  tlie  spiral  condition  of  the  central  strand. 
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7.  Tilt'  leaf  traces  at  first  are  single,  but  later  bifurcate  in  the 
stii)uiar  region,  but  anastomose  beyond.  The  point  of  forking 
moves  closer  and  closer  to  the  central  strand.  Further  forking  and 
anastomosing  of  the  leaf  trace  takeplacein  thernnrt  advanced  stages. 

8.  One  strand  from  each  side  of  the  leaf  truLL  goes  tt)  the  lobes 
of  the  stipule.  Branches  from  this  strand  supply  the  stipular 
lobes  with  vascular  tissue. 

9.  AU  tbe  stipular  strands  end  blindly  excq>t  the  lowest  or 
main  atrand,  which  is  teimiiiatied  by  a  procambial  stnuid  originatfng 
from  a  group  of  meristematic  cdls  on  the  inner  side  of  the  edge  of 
the  stipule.  This  group  of  cells  probably  helps  to  build  up  the 
fleshy  st^ule. 

10.  The  absence  of  cauHne  procambium  and  the  definite  relation 
between  roots  and  leaves  suggest  that  the  vascular  tissue  of  the 
central  region  is  a  sympodium  of  leaf  traces,  and  most  tf  not  all 
of  the  central  strand  is  of  foliar  origin. 

The  writer  wishes  to  express  his  gratitude  to  Dr.  W.  J.  G.  Land 
for  the  valuable  collection  of  material  furnished  for  this  investiga- 
tion and  for  his  advice,  criticism,  and  encouragement  during  the 
progress  of  the  work. 

TKiNrrv  College 
Durham,  N.C. 
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EXPLANATION  OF  PLATES  V-Vm 
rzjin  r 

Fig.  o. — Model  of  stelar  structure  represented  in  fig.  3:  r,.  rj.  rj,  first, 
second,  and  third  root  steles;  l„  It,  Ij,  first,  second,  and  third  leaf  traces;  cs, 
ooouniasural  strand;  Ig,  leaf  gap. 

1^0.  xa— 'Same  modd  vievrod  from  above. 

FK,  XX. — ^Modd  of  stelar  structure  represented  in  diagnun  in  fig.  4. 

Fic.  13. — Same  model  viewed  from  above:  mj„  first  medullary  strand. 
Fig.  I  v^Model  of  stelar  arrangemoit  reprcsoited  in  fig.  5;  abbreviatioas 
same  as  above. 

Fro.  14. — ^Same  xnodd  viewed  bam  opposite  aide. 
Fio.  x5.^Sanie  modci  viewed  kom.  above. 

PLATE  n 

Fig.  16.— Detail  of  a  diarch  primary  TOOt;  m,  endodenniai  pk,  phloem; 
in,  tannin  cell;  pc,  pericycle;  X  ^^o. 

Fig.  17. — Detail  of  triarch  prunaxy  root;  X330. 

Fto.  x&— Apical  cell  at  Stan  tip:  It,  second  leaf;  X530. 
.   Fio.  19. — ^Detail  of  transition  xcgion;  X 350. 

Fig.  20.— Section  of  spording:  rit,  origin  of  seoood  xoot;  k,  first  leaf 
tnuse;  Xsio. 

FUtTB  vir 

Vta.  21.— Detail  of  central  icgibn  on  level  of  outfdng  of  fbnrth  leaf  txaee: 
central  strand;  Hi,  fifth  xoot  sMe;  cr,  oominiasural  stxand;  ph,  phloem; 

mC,  mucihpc  canal ;  X 170. 

Fig.  22. — Detail  of  medullary- stranil ■       phloem;  X  .;,>o. 

Fig.  23. — Meristematic  r^iori  Icriumuung  main  stipular  strand;  X180. 

Fhk  24.— Detail  of  st^Mdar  strand;  X330. 

Fto.  25.— DetuI  of  stde  above  tiansitioii  xegibn  sho«ring  "iH"""ffd 
condition;  r4*,  second  toot  trace;  Xaaa 

PLATE  VII r 

Figs.  26-33. — Diagrams  of  sections  of  stipular  region  from  advanced  stage 
ithuwing  arrangement  and  inter-relation  of  vascular  strands;  XS. 

Fro.  34.— ^Ummstruction  of  sections:  ar,  mccbtematic  vagkm  of  stipule; 
reooostnictioD  is  slightly  larger  than  sections  to  show  better  the  oouiacs 
of  strands. 
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(WiTU  THREE  TIGURKS) 


Introductioa 

In  a  previous  paper*  symbiosis  is  defined  as  the  living  together 
of  dissimilar  organisms,  and  the  phenomena  of  symbiosis  are 

classified  as  follows: 


The  writer  has  felt  for  some  time  that  there  is  urgent  need  of 
work  along  the  lines  of  these  various  types  of  symbiosis.  Consider- 
able work  has  been  done  on  the  relations  of  plants  to  their  physical 
environment,  but  the  woric  done  on  their  relation  to  the  faiotic 
environment  has  not  been  in  proportion  to  the  importance  of  this 
phase  of  ecology. 

Some  five  years  ago  the  University  of  Illinois  obtained  possession 
of  a  siity  acre  tract  of  forest.  This  land  is  located  about  five  miles 
northeast  of  the  University  in  Giampaign  County,  Illinois,  and 
is  a  remnant  of  a  former  much  more  extensive  forest.  It  is  known 
as  the  "University  woods."  Many  of  the  primitive  trees  are  still 
standing  in  this  tract,  although  some  cutting  has  been  done  in  the 
past,  and  the  forest  was  freqiu  nlly  pastured  before  it  was  acquired 
by  the  University.  It  may  be  said,  therefore,  to  be  only  semi- 
primitive.  It  has  been  stated  that  there  is  very  little  if  any  natural 
forest  vegetation  in  the  state  of  Illinois  at  the  present  time,  but  the 
use  of  the  word  natural  in  such  a  statement  isJU  chosen  and  makes 
the  statement  inexact.  It  is  tnic  that  there  is  very  little  if  any 
such  vegetation  that  has  not  been  modified  to  a  greater  or  less  extent 
by  man.    \  egetation  that  has  been  influenced  by  man,  however,  is 

'  McDouGALL,  W .  B.,  The  classificatioo  of  aymbioUc  phcDomoHu  Phnt  WocU 

21:250-256.  1918. 
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I.  Disjunctive  ^mbiosis 

1.  Social 

2.  Nutritive 

a.  Antagotustk 

b.  Redpiocal 


II.  Conjunctive  qrmbkMb 

1.  Social 
a.  Nutritive 

a.  AntagCMrirtic 

b.  Rcdpcool 


I 


Digitized  by  Google 


1932]  MCDOUCALL-^YMBIOSIS  90I 

not  necessarily ' '  unnatural. "  The  plants  in  any  forest  in  Illinois  at 
the  present  time  have  life  problems  that  are  just  as  real,  just  as  com- 
plex, and  just  as  interestmg  from  an  ecological  point  of  view  as  were 
the  problems  of  plants  in  the  primitive  forests.   We  should  make 

every  effort,  of  course,  to  preserve  as  much  of  the  primitive  vegeta- 
tion as  possible,  but  no  ecologist  whose  location  is  remote  from 
primitive  vegetation  need  feel  that  there  is  nothing  he  can  do.  for 
wherever  plants  grow  there  is  ecological  work  to  be  done  even 
though  the  land  may  all  be  under  cultivation. 

The  work,  a  part  of  which  i'^  recorded  in  the  present  paper,  was 
undertaken  for  the  purpose  oi  making  a  thorough  study  of  sym- 
biosis in  ail  its  phases  in  the  University  woods.    The  present  paper 
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deals  primarily  with  social  disjunctive  symbiosk,  and  it  is  the 
hope  of  the  writer  to  follow  it  with  others  treating  of  the  other 
Qrpes  of  ^rmbiosis. 

Unbenily  woods 

Physical  enviroxment 
Clim.m  k.  -Table  I  gives  a  summary  of  weather  conditions  at 
IJrbana.  Illinois,  during  iQiQ-  The  data  for  this  table  were  kindly 
furnished  and  the  table  compiled  by  the  Division  of  Soil  Physics 
of  the  .\grKulluit  I-.Kpet  Uiic  111  .Suttion  of  tin.  L  ni\ersit\'  of  Illinois. 
There  were  slightly  more  clear  days  in  1919  than  usual,  but  on  the. 
whole  the  table  is  typical  of  the  climate  of  this  region.  The 
following  tabulations  <rf  average  monthly  and  annual  rainfall  at 
Urbana  for  a  period  of  sixty  years,  and  of  average  masdmum,  minU 
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mum,  and  mean  monthly  tempeffttures  for  a  period  of  forty  years, 
were  compiled  from  data  given  by  Mosier.*  Xt  will  be  noted  that 
the  rainfall  is  adequate  and  is  well  distributed  thnou^iout  the  year. 
The  average  data  of  the  last  killing  frost  in  spring  is  April  a6,  and 
that  of  the  first  killing  frost  In  autumn  is  October  i6,  giving  an 
average  growing  season  of  173  days. 

Soil.— The  soil  of  the  forest  is  yellow-gray  silt  k)am,  an  upland 
timber  soil.*  There  are  no  streams  within  the  forest,  but  the 
region  is  drained  by  a  tributary  of  the  Salt  Fork  of  the  VenniUioii 
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River.  This  ditch  flows  in  an  easterly  direction  some  forty  rods 
south  of  the  present  boundary  of  the  forest.  The  forest  itself  is 
only  gently  rolling,  but  several  acres  in  the  middle  eastern  portion 
are  several  feet  lower  than  the  highest  parts  of  the  woods,  and  in 
the  lowest  part  there  is  often  standing  water  for  a  few  weeks  in 
spring. 

As  will  be  shown  later,  the  vegetation  In  the  lower  part  of  the 
woods  is  quite  different  from  that  in  the  higher  parts,  and  this 
difference  seems  to  be  ahnost  entirely  due  to  the  difference  In  the 

•  MosiBS,  J.  G.,  CUmate  of  Illinois.  Univ.  VL  Agile.  Exp.  Su.  BaD.  jo8.  1918. 
iHonusis,  C.  G.,  Moetut,  J.  G.,  Van  Autikb,  B.,  aad  Gabikr,  P,  W.,  Chtti* 
poilD  CottBty  Mtb.  Univ.  UL  Agric  Exp.  SU.  Rq».  18.  191S. 
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amount  of  soil  water.  A  number  of  meuuremoits  of  soil  tempera' 
ture  were  made  in  both  the  higher  and  lower  parts  of  the  forest  at 

depths  of  three  inches  and  twelve  inches,  but  temperatures  taken 
in  different  parts  of  the  forest  on  the  same  day  and  at  the  same 
depth  were  found  to  be  almost  exactly  the  same.   Tests  were  made 

also  for  soil  acidity  in  different  parts  of  the  forest,  using  the  indicator 
method  described  by  Wherry.^  The  results  of  these  tests  showed 
that  the  soil  of  the  forest  i*:  tk  ulr;i  l  throughout.  Although  no 
chemical  analyses  have  been  made,  there  is  no  reason  for  thinking 
that  the  mineral  constituents  of  the  soil  are  not  practically  the 
same  throughout  the  forest. 

The  plant  coionrNiTY 

Methods.— Before  the  more  special  types  of  symhioals  can  be 
studied  adequately  in  any  plant  community,  it  is  necessary  to  have 
a  thorough  understanding  of  the  structure  of  the  community  and 
of  the  disjunctive  social  symbiosis,  that  is,  of  the  gross  inter- 
relations of  the  component  parts  of  the  vegetation.  In  order  to 
obtain  this  information,  the  entire  forest  was  first  staked  out  into 
one  hundred  foot  (juadrats.  The  only  reason  for  choosing  the  one 
hundred  foot  quadrat  instead  of  a  unit  of  the  metric  system  wns 
that  one  hundred  foot  steel  surveyor's  tapes  are  readily  obtained 
and  are  convenient  to  use.  No  attempt  was  made  to  have  the 
quadrats  exactly  one  hundred  feet  square.  The  tapes  were  fastened 
to  the  stakes  by  means  of  straps,  and  these  were  of  such  a  length 
that  on  level  land  and  with  the  tapes  drawn  tight  the  stakes  would 
be  about  one  huiuiicd  two  feet  apart,  iii  the  woods,  however, 
with  the  tapes  running  among  shrubs,  between  trees,  over  fallen 
logs,  etc.,  and  with  the  tape  never  very  tightly  drawn,  the  quadrats 
were  approximately  one  hundred  feet  square.  It  was  found  that 
by  making  fractional  quadrats  across  each  end  of  the  woods  and 
part  way  along  one  side,  to  where  there  is  a  jog  ui  the  boundary 
line,  there  were  then  316  full  size  quadrats  (fig.  i). 

Having  subdivided  the  forest  into  quadrats,  two  methods  were 
used  for  locating  and  mapping  the  components  of  the  vegetation. 
Hie  first  method  was  used  only  for  the  trees  and  shrubs.  Two 

4  Winay,  £.  T.,  Sofl  acidity  and  a  fidd  method  for  iu  meaMuement.  Eooloiiy 
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Fig.  1. — Quadrat  map  of  University  wootis  showing  disUibutioa  of  the  tVD 
domiimnt  trees:  cAcer  saccharum,  —  —  Ulmus  amerUana. 
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rows  of  quadrats  were  surveyed  at  the  same  time.  A  hundred 
foot  tape  was  stretched  between  the  first  two  quadrats  of  the  first 
two  rows.  Then  while  waJkmg  through  these  quadrats  in  the 
directions  indicated  in  fig.  2 ,  counts  were  made  of  all  spedes  of  trees 
and  shrubs  present.  The  frequency  of  the  occurrence  of  each 
apecies  of  shrub  was  indicated  by  the  numerals  i,  2,  3,  and  4; 
no.  I  indicating  only  one  to  three  spedmens  in  the  quadrat,  no.  4 
indicating  great  abundance,  and  nos.  2  and  3  representing  inter- 
mediate degrees  of  frequenQr.  In  the  case  of  trees  the  actual 


FlC  a. — Two  one-hundred-foot  qujtdraU  iliu»trating  method  used  in  nrnking 
cooBtt  «f  tna  and  dunibs  In  Univcnity  woodi;  bnwy  ISut  betmen  qiyidnt*  indl* 
cates  poankn  «f  sled  tape;  Mmm  shoir  dinctian  takoi  by  surveyor  in  aukinf 
counts. 

number  of  individuals  of  each  apecies  was  noted.  After  counts  in 
tlieae  two  quadrats  had  been  completed,  the  ti^  was  taken  up 
and  stretdied  between  the  neit  two  qjiadrats  and  counts  made 
there  in  a  similar  way,  the  procedure  being  repeated  until  the 
entire  forest  had  been  surveyed.  Having  secured  these  data,  a 
distribution  map  was  made  for  each  species  (fig.  i).  No  attempt 
was  made  to  locate  the  individuals  within  the  quadrat,  I)ut  on]\  to 
place  them  in  the  quadrats  in  which  they  occur.  Each  individual 
is  sho\^-n  on  the  maps,  therefore,  within  one  hundred  feet  or  less  of 
its  actual  ])()sition  in  the  forest. 

For  the  herbaceous  vegetation  a  somewhat  dilTerent  method  was 
used.  Only  one  row  of  quadrats  was  surveyed  at  a  time  and  no 
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tape  was  used.  Instead,  a  pocket  compass  was  employed  for  keep- 
ing on  a  line  running  thioii|^  the  middle  of  the  row  of  quadrats, 
and  each  quadrat  was  surveyed  by  walking  througih  it  in  the 
manner  indicated  in  fig.  3.  The  middle  of  each  quadrat  after  the 
fiist  was  found  by  pacing  thirty-three  paces  from  the  middle  of  the 
preceding  quadrat  with  the  compass  as  a  guide  to  the  direction. 
The  place  was  then  marked  by  sticking  into  the  ground  a  stick 

about  four  feet  long  which  was 
sharpened  to  a  point  at  the  lower 
end  and  whittled  off  at  the  upper 
end  so  as  to  give  a  whitish  surface 
which  could  be  seen  for  some 
distance.  This  stick  was  carried 
from  fjuadrat  to  cjuadrat  as  the 
work  progressed.  1  he  various 
species  of  herbaceous  plants 
present  in  each  quadrat  were 
recorded  as  nos.  i,  2,  3,  or  4; 
no.  I  signifying  rare,  no.  2  fie^ 
quenty  no.  3  common,  and  no.  4 
abundant.  A  map  was  then 
made  for  each  qiedes,  showing 
its  distribution  and  relative  fre- 
quency of  occurrence  through- 
out the  forest  In  surveying  for 
herbaceous  plants,  only  those 
plants  that  ^v^^r  in  bloom  or 
were  otherwise  easily  recognized 
were  listed;  and  in  order  to  make 


Fic.  3.  -.\  oiie-hundred-foot  quadrat 
illustrating  method  used  in  estimating: 
frequency  of  herbaceous  plant  species  in 
University  woods:  broken  line  nith  arrows 
indicalesdircction  taken  in  locating  center 
of  quadrat;  solid  line  with  arrows  shows 
duectbrnt  taken  in  making  mwy. 


the  Usts  complete  the  survey  was  rq>eated  once  each  mcmth  during 

the  growing  season. 

Rfsut-TS.  -By  this  method  a  fairly  complct*^'  list  of  the  plants 
j^rowing  in  the  woods  was  obtained,  together  with  the  relative 
numbers  of  individuals  and  the  locations  ot  each  species.  Xo 
attempt  has  been  made  so  far  to  include  the  bryophytes  and  [lie 
raicrofuniri  and  algae  in  the  survey,  although  it  is  hoped  that  this 
may  be  done  later.   The  bryophytes  are  nowhere  abundant,  and 
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probably  are  oi  relatively  little  importance  from  the  viewpoint  of 
symbiosis  or  other  ecological  relations.  This  is  obviously  even 
more  true  of  the  algae  in  such  a  habitat  as  this.  The  microfungi, 
however,  will  have  to  he  considered  in  some  detail  later  in  a  dis- 
cussion of  their  symbiotic  relations  with  other  plants.  Aside  from 
these  three  groups,  the  lists  of  species  are  }>elieved  to  be  fairly 
complete,  except  that  !fitre  are  probably  a  tew  late  fall-blooming 
plants,  mostly  compo^iu^s,  that  have  been  missed  owing  to  the  fact 
that  the  last  survey  of  the  season  was  interfered  with  by  duties  in 
connection  vnth  the  opening  of  the  University  and  the  beginning 
of  classwork  for  the  year. 

The  lists  of  species  which  have  been  compiled  include  31  trees, 
Z3  shrubs,  6  lianas,  134  herbs,  5  ferns,  and  83  higher  fungi.  These 
figures  show  that  while  there  is  by  no  means  a  paucity  of  species, 
yet  for  a  sixty  acre  deciduous  forest  the  flora  cannot  be  said  to  be 
an  eqiedally  rich  one.  It  is  not  unlikely  that  the  years  preceding 
the  acquirement  of  this  property  by  the  Universityi  when  it  was 
f requaitly  pastured  and  the  public  was  allowed  to  dig  iq>  plants 
by  the  roots  and  carry  them  away  at  will,  had  their  effect  in  redu* 
dng  the  number  of  species. 

Acer  saeekantm  and  Ulmus  atiiencana  are  the  dominant  trees. 
These  two  are  present  in  nearly  equal  numbers,  the  count  showing 
1987  maple  and  2073  elm  individuals.  No  other  species  are  nearly 
so  abundant  as  these  two.  The  nearest  competitor  is  Fraxinus 
americana  with  537  individuals,  then  follow  F.  quadrangulata  with 
336,  Tilia  americana  with  321,  and  Carpinus  caroliniana  with  303 
representatives.  All  other  species  are  represented  by  less  than  300 
individuals.  These  data  show  at  once  that  the  forest  is  t\7>iral!y 
hydrarch  m^phytic  and  relatively  mature,  Acer  sacchamm  being 
the  most  topical  clima.x  species  of  the  region.  While  these  species 
are  all  found  more  or  less  throughout  the  forest,  the  maple  is  much 
more  dominant  in  the  southern  half  and  the  elm  in  the  northern 
half.  In  fact  three-fourths  of  the  hard  maple  and  Iwo-Llurds  of 
rraxiuus  quadraugiilata  are  in  the  southern  half  of  the  woods, 
while  three-tifths  of  the  elm.  three-tifths  of  i  .  unuticana,  and 
two-thirds  of  the  blue  beech  {Carpinus)  arc  iu  the  northern  half. 
It  is  the  higher  parts  of  the  woods  that  are  dominated  by  the  maple, 
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while  the  lower  })arts  are  dominated  by  elm  Tn  the  area  between 
quadrats  59  and  96  and  vicinity  (tic:  which  is  the  lowest  part 
of  the  woods,  there  are  almost  no  trees  except  elms.  I  shall 
frequently  refer  to  that  part  of  the  woods  that  is  dominated  by 
maple  as  the  maple  consociation,  and  that  dommated  by  elm  as 
the  elm  >  uti-,( x-i.ttion. 

The  great  majutiiy  of  the  shrubs  are  of  two  species,  Asimina 
triloba  and  Benzoin  mdissaefolium.  Both  of  these  are  very  abun- 
dant, and  are  distributed  throughout  the  forest  except  in  the  highest 
and  lowest  parts.  No  other  shrubs  are  abuiuiant  except  the  species 
of  Crataegus,  which  occur  mostly  along  the  bonier. 

The  Bubdomtaaikts  of  the  herbooeous  layer  vary  with  the  season 
as  wen  as  with  the  location  within  the  forest  In  the  prevemal 
season  Cla^oma  wgimieaf  Isopynm  MSsTMlwif,  and  CeOmna 
MTfM  often  form  extensive  and  conspicuous  societies  in  the  maple 
consociation.  The  two  qfiedes  <rf  Dkaiira,  D.  cuaMaria  and 
D.  camiensej  occur  together  as  subdonunants  in  a  rather  extensive 
prevemal  society.  FUox  Hvorkala  and  Genmum  maadaium  form 
less  extensive  but  not  less  well  marked  sodetks.  AsantmcanadeHte 
b  everywhere  abundant,  but  because  of  its  growth  habit  is  not 
conspicuous.  Viola  sororia  is  abundant,  but  is  scattered  too  much 
to  be  considered  a  subdominant.  In  the  elm  consociation  Floerkia 
proper pinacoides  forms  an  extensive  and  extremely  dense  society. 
Like  the  elm  this  plant  is  present  throughout  the  forest,  but  is 
alway*?  thickest  where  the  elms  are  dominant. 

During  the  vernal  season  Hydrophyllum  append icuUitum  forms 
an  extensive  societ)  in  the  maple  consociation.  Later  U.  canadense 
is  a  sub<lominant  o\er  less  extensive  but  more  closely  occupied 
areas.  Cysioplcris  jragilis  is  abundant  over  considerable  areas,  and 
locally  is  present  in  such  numbers  as  to  become  a  subdominant. 
Podophyllum  is  also  common,  but  as  usual  forms  local  colonies 
rather  than  extensive  societies.  .\11  of  these  societies  extend  into 
the  elm  consociation,  but  there  is  no  subdominant  that  is  charac- 
teristic of  the  elm  consociation  during  this  season. 

The  aestival  season  is  characteriaed  by  the  subdominance  of 
Lapertea  canademsis  over  great  areas.  Like  the  dominant  shrubs 
Asimina  and  Bemain,  the  wood  nettle  is  abundant  throughout 
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the  woods  ezcq>t  m  the  highest  and  lowest  parts.  At  the  same  time 
ImpaUens  biflora  is  subdominant  in  the  lower  parts  of  the  ehn 
consociation,  while  /.  palida  is  only  a  little  less  prominent,  and  keepa 
largely  to  the  somewhat  higher  parts  of  the  same  consociation. 

During  the  serotinai  season  several  composites  are  conqMCUOiis, 
but  perhaps  the  most  characteristic  plant  is  Campanula  americana, 

which  occurs  nearly  everywhere  in  the  woods,  but  usually  not 
abundantly  enough  to  become  subdominant.  Finally,  during  the 
autumnal  season  ^^p^xies  of  Asier  and  Eupatorium  urtkof/olium  are 
the  principal  subduminants. 

SOCTAL  DISJUNCTIVE  SYMBIOSIS 

This  isi  the  type  of  s\Tnbios!s  in  which  the  organisms  concerned 
are  not  in  actual  contai  t  at  least  not  all  of  the  time,  and  in  which 
there  is  no  direct  food  relauon.  Jt  includes,  therefore,  all  oi  the 
ordinarv-  interrt  lations  of  dominant,  ^.ubdominant.  and  secondary 
species  in  a  plant  cuniniunit)'.  These  interrelations  in  deciduous 
forests  have  been  studied  and  described  by  numerous  authors. 
It  will  suffice  here,  therefore,  merely  to  mention  the  salient  features 
of  tlie  subject,  and  to  pomt  out  their  relative  importance  in  the 
commmiity  under  consideratiMi.  The  dominant  plants  of  a  com- 
munity, which  in  a  forest  are  trees,  are  those  wfaidi  largely  control 
the  environment  and  so  detemune  what  other  species  may  grow  in 
the  community.  They  have  very  important  symhiotic  rdations, 
therefore,  with  all  other  membeis  of  the  community  through  their 
direct  or  indirect  control  of  light,  space  rebtions,  water  supply, 
and  to  a  certam  extent  available  food  materials.  From  this  point 
of  view  it  is  of  interest  to  compare  a  plant  community  with  a  human 
community.  In  a  human  community  man  is  the  dominant 
species.  As  the  dominant  species  he  controls  the  environment  to 
such  an  extent  as  to  determine  what  other  species  may  live  in  the 
community.  Some  of  the  other  spedes  usual  1>  found  in  a  human 
community  are  the  horse,  dog,  cat,  mouse,  fly,  etc.  Some  of  these 
are  not  present  because  man  wants  them  to  be,  but  because  man  is 
present  and  is  controlling  the  environment  in  such  a  way  as  to  make 
it  possible  for  the  other  species  to  live  in  the  comniunitv.  These 
facts  are  just  as  true  of  the  plant  community.   The  pre:>euce  of 
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some  of  the  species  is  distinctly  advantageous  to  the  dominant 
plants;,  while  that  of  others  is  just  as  distinctly  disadvantageous, 
as  for  example  the  parasitic  tungi,  but  tliey  are  all  prtst-nt  because 
the  dominant  plants  have  made  it  possible  by  their  control  of  the 
environment.  In  the  human  cuiyimunity  we  find  a  well  marked 
division  of  labor  among  the  individuals  of  the  dominant  species; 
some  are  ^oj^ged  in  supplying  food,  others  in  supplying  clothes  or 
fudyOthefsinadniiiiisteriiigthebw,^  Lithe  plant  commuiiity 
we  find  a  somewhat  comparable  division  of  hibor  among  the  various 
species  of  the  community,  but  not  among  the  individuals  of  tlie 
dominant  spedes.  The  function  in  the  community  of  all  members 
of  the  same  spedes  is  the  same,  but  some  speaes  have  the  function 
of  manufacturing  food,  some  for  supplying  a  ground  cover  to  check 
evaporation  from  the  sofl,  some  to  act  as  scavengers  in  getting  rid 
of  dead  bodies,  etc.  Another  important  difference  between  the 
human  cominunity  and  the  plant  commimity  should  ht  kept  in 
mind.  In  the  human  community  there  are  ordinarily  more  or 
less  definitdy  oiganizcd  activities  carried  on  for  the  good  of  the 
community  as  a  whole.  On  the  other  hand,  in  the  plant  com> 
munity  there  is  no  altruism.  It  is  a  case  of  every  plant  for  itself. 
The  activities  of  certain  species  do  result  advantageously  lor  the 
community  as  a  whole,  but  this  is  due  to  chance  circumstances, 
and  the  activ  ities  of  course  would  be  carrier!  n  Just  as  vigorously 
if  they  were  resulting  in  harm  to  the  community.  This  funda- 
mental ditTcrcnce  between  the  tw«»  communities,  however,  is  the 
natural  result  of  the  presence  of  cunsciousness  in  the  human  species 
and  the  lack  of  it  in  i)lants,  and  as  soon  as  we  leave  that  fact  out  of 
consideration  the  two  types  of  communities  become  strikingly 
similar. 

The  individuals  of  any  species,  whether  a  dominant  or  a  secon- 
dary species  in  a  plant  community  such  as  the  one  we  are  consider- 
ing, all  make  similar  demands  \spon  the  environment.  For  this 
reason  their  relations  seldom  result  in  any  benefits,  but  on  the  other 
hand  there  is  constant  competition  between  them  for  space,  food, 
and  often  for  other  environmental  factors  such  as  li^t  or  shade. 
This  is  often  just  as  true  of  individuals  of  different  spedes  which 
make  such  similar  demands  upon  the  environment  as  to  merit 
being  called  ecological  equivalents.  Spedes  which  are  ecologically 
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veiy  different,  on  the  other  hand,  often  are  incidentally  very 
serviceable  to  one  another.  The  trees,  for  example,  furnish  the 
shade  necessary  for  some  of  the  herbaceous  plants  and  fungi, 
while  the  herbaceous  plants  furnish  a  living  soil  cover  which 
prevents  undue  loss  of  the  soil  water  which  is  needed  in  great 
quantities  by  the  trees.  The  trees,  likewise,  as  well  as  the  shrubs, 
especially  those  near  the  border  of  the  woods,  serve  as  a  windbrake 
which  protects  many  smaller  plants  from  the  dangers  of  too  high 
transpiration  rates. 

Of  very  great  im])  rtnnre  from  the  vie\^'point  of  social  disjunctive 
symM'»>i-^  liu-  phenoiiK  rum  of  leaf  fall.  The  primnrv  reason  for 
leat  fail,  oi  course,  is  the  reduction  of  the  transpiration  surface  during 
the  season  when  absorption  is  difficult  or  impossible,  and  the 
primary  cause  is  desiccation,  but  the  efTect  of  this  habit  on  other 
members  of  the  comiaunity  is  perhaps  a.^  iinpui  Lunt  as  its  signifi- 
cance to  the  deciduous  plants  themselves.  The  fallen  leaves  form 
an  efficient  cover  throughout  the  winter  season,  thus  greatly  reduc- 
ing evaporation  from  herbaceous  perennial  plants  as  well  as  from 
the  surface  of  the  soil.  The  place  of  the  fallen  stems  of  herbaceous 
pcrmnials  in  social  disjunctive  symbiosis  is  similar  to  that  of  the 
fallen  leaves,  as,  likewise,  is  that  of  the  dead  bodies  of  annual 
plants. 

Closely  connected  with  leaf  fall  are  the  activities  that  are 
omoemed  with  the  decay  of  the  fallen  leaves.  These  are  due 
mostly  to  bacteria  and  fungi.  The  bacteria  and  fungi  are  regular 

members  of  the  community,  and  are  living  in  social  disjunctive 
symbiosis  with  the  higher  plants.  They  are  able  to  live  in  the 
conununity  only  as  a  result  of  the  presence  of  the  higher  plants,  and 
they  render  a  distinct  service  to  the  community  by  preventing  the 
accumulation  of  dead  bodies. 

Although  the  j^henomena  just  cited  all  result  in  benefit  to 
certain  members  of  the  community,  it  must  he  understood  that 
symbiosis  docs  not  necessarily  imply  an\'  benclit  to  the  symbionts, 
mutual  or  otherwise.  In  antagonistic  sxmhiosis  there  is  often 
more  harm  than  benelit  lor  at  least  >ome  of  the  syml)ionts,  while 
in  social  symbiosis  there  may  be  a  mere  tdlt^ranci?  of  presence 
with  neither  harm  nor  beneiil  resulting  to  an\-  aj)i)reciable  e.xlent. 
Thu5  many  of  the  species  in  a  community  such  as  the  one  under 
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consideration  are  able  to  live  together  largely  because  the  main 
parts  of  their  absorbing  s>'^tems  are  placed  at  different  levels  in 
the  soil.^  For  example  Cirraeii  lutctiana  has  its  rhizomes  only 
about  one  inch  beneaili  tin  -.urface  of  the  soil;  the  rhi/fome^  of 
Asarum  canadense ,  Sattguinaria  canadensis,  and  Thalii  trum  dioicum 
arc  about  two  inches  deep;  those  of  Podophyllum  pellatum  and 
Sa)iii  ula  gregaria  average  about  two  and  one-half  inches  deep; 
the  bulbs  of  Allium  canadense  are  placed  about  three  inches,  and 
the  corms  of  Arisaema  iriphyllurt:  al m  )li l  tive  inches  below  the  surface 
of  the  soil.  The  rhizomes  of  I'olygonahim  commulalum  are  produced 
about  three  inches  down,  and  are  later  pulled  down  by  root  con- 
tractions to  a  depth  of  five  or  six  ioches.  Along  with  these,  of 
courae,  are  the  trees  and  shrubs  which  have  absorbing  organs  at 
all  dq>ths  to  a  distance  of  several  feet.  Still  another  factor  which 
tends  to  make  it  possible  for  large  numbers  of  apectes  to  live 
together  in  a  forest  community  Is  the  fsct  that  different  species 
carry  on  their  more  important  activities  at  different  tunes  of  the 
yesi,  and  so  do  not  interfere  with  each  other  as  much  as  they 
otherwise  would.  It  is  this  that  makes  it  possible  to  distinguish 
prevemal,  vernal,  aestival,  serotinal,  and  autumnal  seasons,  each 
characterized  by  the  prominence  of  different  groups  of  species. 

It  is  not  necessary,  however,  to  carr>'  the  discussion  further 
along  this  line.  It  is  recognized  that  there  is  nothing  new  in  the 
preceding  discussion  except  the  point  of  view.  In  other  words, 
the  kinds  of  interrelations  here  pointed  out  are  weU  known  to  most 
botanists,  and  for  that  reason  it  was  considered  unnecessar}'  to  go 
into  much  detail;  but  these  interrelations  have  not  iiNually  been 
considered  as  cases  of  symbiosis  The  reason  for  dwelling  upon 
them  here,  therefore,  has  been  to  emphasize  the  fart  that  they  are 
instances  of  the  living  together  of  dissimilar  organisms,  and  so 
properly  belong  in  a  discussion  of  symbiosis.  Tliis  proper  point 
of  view  is  preparation  for  further  discussion  of  the  other  types  of 
symbiosis,  some  of  wliich  are  not  so  well  known. 

Urbana,  III. 

>  SuERFF,  E.  £.,  Vegetation  of  Skokie  M&nh.  Ill  Sta.  Lab.  Nat.  Hist.  B«D. 
9:575-614.  1913. 
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£FF£CT  OF  TEMPERATURE  OX  GERMIXATION  OF 
AMARANTHUS  RETROFLEXUS 

GONTUBUnONS  TROU  TBE  BULL  BOTANICAL  LABORATORY  t«l 

Clttss  R.  Evams 

(with  four  figures) 

IntiodttctiMi 

The  literature  having  a  direct  bearing  on  the  effect  of  temper- 
ature on  germination  may  be  divided  into  two  groups:  one  deals 
with  growth  in  relation  to  temperature,  and  the  other  with  delay- 
In  germination  of  seeds  in  general  and  of  A  maranthus  retroflexus  in 
particular.  In  the  first  group  the  articles  by  Smith  (id),  Lehen- 
BAi-ER  (7),  Leitch  (8),  Balls  (i),  and  Kaxitz  (6)  on  relation  of 
growth  to  temperature  arc  of  interest.  Smith  found  that  temper- 
ature, possibly  internal  temperature  of  the  growing  parts,  may  be  a 
limiting  factor  to  growth  in  Furchraea  and  Agave.  Lehenbauer, 
in  his  work,  on  rate  of  growth  of  maize  seedlings,  found  that  the 
V'an't  Hoff  law  applies  only  at  medium  temperatures;  at  31"  C. 
the  initial  rate  is  not  maintained,  there  being  a  falling  oil  with  time. 
He  further  found  that  the  coefficients  for  10®  C.  rise  in  temperature 
arc  greater  at  lower  ranges  of  temperature  (6.56  at  1 2'  22"  C).  and 
less  (0.06  at  33*-43''  C.)  at  higher  ones.  He  states  that  the  optimum 
changes  with  length  of  exp>osure,  and  that  there  are  not  two  optima, 
as  stated  by  Koebpbn.  Miss  Leitch,  in  worii  with  rate  of  growth 
of  seedlings  of  Pisum  satioum,  found  that  the  Van*t  Hoff  law  applies 
only  from  10'^  to  28*  or  36*  C;  that  there  is  the  same  type  of 
gradation  in  the  coefficients  rdating  rate  of  growth  to  temperature 
that  Lehenbauer  found;  and  that  above  39^  C  the  relation  of 
growth  to  temperature  can  no  longer  be  expressed  as  a  curve,  so 
that  a  different  curve  must  be  constructed  to  express  the  rate  of 
growth  in  successive  time  intervals.  She  defined  the  optimum 
temperature  as  the  hif^est  one  at  which  the  time  factor  does  not 
enter.  Balls  offers  an  exphuiation  of  the  time  factor,  and  says 

S13]  '(BtttaaiMl  Gaittto,  vol. 


Digitized  by  Google 


3X4 


BOTASICAL  CAZSTTB 


that  the  Van't  Hoff  law  applies  approxiinately  up  to  30^  C.  then 
the  grou'th  rate  acceleration  decreases  to  a  point  which  he  pro- 
poses to  call  the  ''stopping  point,"  a  point  below  the  lethal  tezo- 

pcraturc. 

Kan  itz  has  written  a  monograph  on  the  cflFect  of  temperature 
of  Ufe  processes  in  which  he  cites  over  three  hundred  pieces  of 
literature  distributed  anionj;  sc\  eral  fields.  The  following  is  based 
on  Denny's  review  of  this  monograph.  He  tleri\  es  formulae  from 
those  of  Berthelot,  AKkHENius.  Von  Kssex,  and  Van't  Hoff,  by- 
means  of  which  the  value  of  Q,„.  the  vuLiiicient  for  10"'  C.  rise  in 
temperature,  can  be  calculated  from  experimental  data  at  any 


two  temperatures.   These  foimulae  are  Qi»"lcrJ'^**  *^  Qw" 


turc  U,  and  =  rate  of  process  at  temperature  t,.  He  found  that 
when  he  calculated  results  at  short  temperature  intervals  instead  of 
long  ones,  Qt,  is  often  not  a  constant  at  all  intervals,  but  falls  at 
high  temperatures.  He  also  states  that  many  processes  in  plants 
and  animals  exhibit  a  temperature  coefficient  the  same  as  the  Van*t 
Hoff  one  within  certain  temperature  limits,  and  cites  in  this  con^ 
nection  such  plant  processes  as  C0»  assimflation  between  and 
37**  C.  (Matthaei)  ;  respiration  of  teedlihgs  between  o**  and  3^  C. 
(KtmFEx) ;  water  intake  of  barley  grains  between  3.8°  and  34.6*  C. 
(Brown  and  Worlby);  penneability  of  plant  cells  and  tissues 
between  and  $0*  C,  (Rysselberghb);  etc.  Some  of  these  pro- 
cesses show  higher  values  of  Qm  at  lower  temperatures,  or  tem- 
peratures near  the  minimimi  of  the  process. 

Beal  (2)  has  found  that  seeds  of  Amaranthus  rdmfexus  are 
long  lived;  that  they  are  still  \iable  after  burial  in  the  ground  for 
thirty  years.  Delays  in  gexmination  of  seeds  are  due  (putting  aside 
the  stimulus  idea  held  by  some  workers)  either  to  embryo  characters 
such  as  immaturit}-  of  embryo,  or  need  of  fundamental  chemical 
changes  in  the  embryo  preceding  germination  in  a  srrTm'n?ly 
otherwise  mature  embrxo  (5  ),  or  to  coat  elYects  acting  jointly  with 
embr\ 0  character-.  The  embr\-o  in  the  latter  case  is  not  dormant 
when  naked  and  exposed  to  ordinar>'  genninative  conditions. 


io(log  k,-iog  k.) 

'  t.-t. — 
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These  coat  effects  may  be  of  seveial  kinds,  namdyi  the  abnost 
complete  eichiskm  of  water  frosn  the  embryo,  as  in  some  I^egumin- 
osae,  the  cutting  down  of  oxygen  supply  below  the  minimum 
nqnired  for  gennination  (9),  or  the  high  elasticity  or  breaking 
strength  of  the  coats  as  compared  with  the  force  of  the  eipanding 
embryo  (3,4). 

Ckocker  (3)  and  Crockek  and  Davis  (4)  state  that  this  last 
named  coat  effect  is  the  chief  cause  of  dormancy  in  seeds  of  A  maran- 
thus  rdrojlexus.  This  domianrv  iiradually  disappears  in  dry 
storage,  as  is  shown  by  a  continual  lowering  ol  the  minimum 
temperature  for  germination.  On  the  other  hand,  wild  oats, 
**rain  barley,"  and  a  South  .Vnierican  grass,  Chloris  cUiaia,  have  a 
low  maximum  when  not  after-ripened,  which  rises  as  after-ripening 
progresses,  t^ven  in  seeds  of  Amaranihus  rdrojlexus  which  have 
been  stored  for  a  long  time,  incompleteness  of  after-ripening  is 
indicated  b\-  the  considerable  liiipiLri:.^  ctTccts  of  the  coats.  Fully 
after-ripened  seeds  ha\  e  their  minimum  for  germination  lowered 
by  removal  of  coat  restrictions.  In  fresh  A.  relrofiexus  seeds 
with  coats  treated,  the  minnmim  temperature  for  germinatioa 
u  the  same  as  in  dried  seeds  with  coats  treated.  Vigor  of  the 
embiyo  of  A.  retroJUxus,  ability  to  respond  in  geiminative  condi- 
tions, and  the  rate  of  growth  of  the  naked  embryo  under  any  given 
conditions  is  not  affected  noticeably  by  after^ripening.  In  this 
seed  after-rq>ening  seemingly  is  not  a  matter  of  after>f^iening  of 
the  embryo,  for  embryos  of  fresh  seed  are  of  maximum  vigor  if 
coat  effects  are  removed.  That  the  breaking  strength  of  these 
coats  is  lowered  by  a  rise  in  temperature  is  shown  by  the  fact  that 
lipe  seeds  gathered  from  green  plants  will  not  germinate  at  temper^ 
atures  lower  than  40'  C,  but  will  germinate  slightly  at  that  temper- 
ature. A,  ftirofiexus  seeds  are  slightly  ijihibited  by  light  at  all 
temperatures,  according  to  the  unpublished  experiments  of  CrOCKBR 
and  Davis.  This  holds  for  seeds  in  which  the  coats  are  treated 
as  well.  Knowle<lge  of  these  conditions  was  requisite  to  han- 
dling the  material  intelligently  in  hnding  the  series  of  coefficients 
relating  rate  of  germination  of  A.  retrojkxus  to  temperature 
changes. 
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Three  lots  of  seeds  were  used:  one  gathered  In  late  summer 
or  eaiiy  fall,  1915,  at  Pullman*  Washington;  and  the  other  two 
at  Gary,  Indiana,  one  lot  in  the  late  summer  or  early  fall  of 
1914,  and  the  other  a  year  later.  The  eipenments  extended  from 
March  15  to  August  i,  19 16.  Thus  after-xipenmg  had  proceeded 
for  several  months  in  two  lots,  and  for  one  year  and  several  months 
in  the  third  lot.  In  some  of  the  experiments,  remaining  coat 
effects  were  further  elimmated  by  grinding  some  of  the  seeds  with 
5^and  for  four,  six,  or  nine  weeks,  or  treating  them  with  concentrated 
H,S04  for  two  or  three  minutes  and  then  washing  them  with  run- 
ning tap  wntf-r  for  two  minutes.  The  nptimum  k-n^th  of  time  for 
treatment  with  ll,SU^  was  deterr-iTit  fl  by  experiment  to  be  two 
minuter  for  Indiana  seeds,  and  tline  minutes  for  Washington 
seeds.  Along  with  these  treated  seeds  were  run  seeds  with  coats 
not  treated.  These  seeds,  treated  and  untreated,  were  then  put 
in  lots  of  one  hundred  in  Petri  dishe>  lined  with  moist  absorbent 
cotton.  The  Petri  tiishes  were  placed  in  a  cardboard  box  lined 
with  opaque  ]>]ack  paper,  and  the  box  then  put  in  a  refrigerator  for 
forty- eight  hours,  where  the  Uiiiperature  was  below  the  minimum 
necessary  for  germination,  to  allow  time  for  the  seeds  to  soak 
before  they  were  tested  for  temperature  effects  on  rate  of  germina- 
tion. At  the  end  of  this  time  the  box  containing  the  Petri  dishes 
was  kept  at  the  desired  constant  temperature.  The  temperatures 
tested  ranged  f  rom  oi*  to  42**  C.  Temperatures  bdow  room  tcmpei^ 
ature  were  obtained  in  baths  cooled  with  running  water,  and  at 
room  temperature  and  above,  in  a  constant  temperature  incubator 
in  which  the  variation  was  less  than  one  degree.  At  one  time  only 
did  the  tcmpoature  vaiy  move  than  this,  and  then  it  was  m  the 
water-cooled  bath;  this  variation  U  indicated  on  the  curves  i,  3, 
and  3,  and  in  all  the  tables  thus,  (SMo**  C). 

The  percentage  gennination  at  \  arious  intervals  of  time  for 
each  temperature  tried  was  noted  for  aU  seeds  in  the  box.  The 
results  were  plotted  as  curves;  one  set  of  cur\-cs  for  each  type  of 
seed's,  that  i>.  one  "^ct  of  cur\es  ior  Indiana  seeds  collected  in  1915 
and  treated  with  HaS04  for  two  minutes,  another  set  for  Indiana 
seeds  collected  in  191 5  and  groimd  with  sand  nine  weeks,  another 
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set  for  Indiana  seeds  collected  in  191 5  and  untreated,  another  for 
Washington  seeds  untreated,  etc.  Eleven  sets  of  curves  were  thus 
plotted,  three  of  which  are  included  in  this  paper  as  fairly  typical 
ones.  Not  fewer  than  two  hundred  seeds  of  each  typt  were 
genninated  at  each  temperature,  one  hundred  each  in  a  separate 
Petri  dish,  so  that  all  determinations  were  made  at  least  in  duplicate. 
Tn  some  instances  four  hundred  seeds  of  each  type  were  used, 
making  quadruplicate  dclcrminatiotis. 

From  thoc  curves,  three  sets  of  which  are  given  as  typical,  the 
li-nqth  oi  time  re(|uired  lor  certain  percentage  germination  at  two 
diflerent  temperatures  was  read,  and  these  readings  and  temper- 

atures  used  in  the  Kanitz  foimula:  Qw«     p--^  ,  in  which  k«>- 

rate  of  <;ennination  at  temperature  t^,  and  kj-rale  ot  gemiiiiation 
at  temperature  t,.  The  rate  of  germination  in  each  case  of  course 
was  the  percentage  germination  divided  by  the  number  of  hours 
required  for  this  to  take  place.  The  results  of  these  computations 
are  given  in  tables  I  to  XI. 

Again  similar  experiments  were  run  and  attempts  made  to  secure 
lots  of  seeds  at  the  same  percentage  gennination  with  hypocotyls 
the  same  length  when  the  seeds  were  subjected  to  different  tempera- 
tures. These  readings  were  used  exactly  as  were  the  ones  from  the 
curves  previously  mentioned,  and  as  they  gave  the  same  type  of 
coefficients,  for  the  sake  of  brevity  are  omitted  here. 


TABLE  I 

Tm)Ia\  \  >Kf  i>s,  roT,i,F,cTED  1915,  t~VTRr  \Ti:D 
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TABLE  II 

I,  OOI.LKCIEP  191 S,  CKOUND  WITH  SANJ>  NINE  W££KS 
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1. 161 


1.9^3 


TABLE  IV 

IMDUMA  8BSM,  GOEUCTED  1915,  GBOIIMD  WIXB  MM»  fOQR  WEBXS 


iotcivaJ  ('  C.) 

4 

8 

10 

M 

JO 

40 

so 

64 

70 

«o 

(S  to  io)-33.9  

16.3-33.9  

4.82 

4-74 

2-33 
1.88 
1 .02 

3.50 

1.84 

1 .10 

3.91 

«.94 

1.09 

23.9-36.4  

36  4-42  

1. 61 

1.60 

1 .90 

1.87 
1.28 

1.91 
1.24 

I  93 
1  25 

1.86 
»  13 

(8  to  io)-2i.6  

5-7S 

6.05 

33.9-29.8  

2.79 

1.93 

1.91 

1.83 

1-75 

1.22 

1.6s 
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TABLE  V 

WaSHIXCTON  seeds,  collected  191 5,  UNTREATED 


CO 


Qm  1  cemin  percenUKe  grnniMtion* 


IS 


II. 9  -14  45. 

»S  7  -3«-  - . 

36  -42.... 

»3  9  -36. .  • 
14.45-36 


o.xgaft 


10.32 
a. 40 
1.40 


"75 
1.37 
1.33 


3-57 


»  IS 
1.S6 


t.ii 
1-79 


*  No  iicxmuiation  at  8'-fo°  in  i<>ti  houn. 


t.83 


X.38 


1.17 


TABLE  VT 

WaSBQIGTON  seeds,  COLLECISD  1915,  TREATED  WTTU  UjSOt  TERES  iaSVtES 


TtmotMan 
ICC) 


11.9  -14.45.. 
14  45-23. 4-.. 
234  -36.4... 
3" -4  -4»  

21.6  -2Q.8. . . 
14  45-3^'  4  -  .. 
i4.4S-a9.8-.- 

•Oalrtpv 


le 

ao 

JO 

40 

S-77 

5-77 

5.66 

5»S 

3.82 

3  40 

3-30 

405 

1-95 

1.84 

1 . 70 

1. 57 

2.36 

»  37 

1 .  21 

z.ai 

1.72 

3.  26 

2.  20 

2.03 

2-55 

2.36 

3.  21 

2. 14 

3.56 

a.ja 

1.98 

1.60 

so 

452 
IS2 
l.»3 


2  33 


5« 

1 .0 
$.17 
1.47 
t.o8 


TABLE  Vn 


WASHiN<.r(js  .sLtDS,  r()M.K(Ti:i)  igi.s,  i.Ri)L'm>  with  sand  foit?  wkeks 


Ml  cenaua  p«r<.euu«i:  genniiiation* 

i« 

fO 

40 

«• 

$* 

II  0  -14.4s  

9.07 

8.84 

8.09 

6.74 
3.0s 

s.t8 
2.oa6 

M  4S-aS-7  

t.59 

1.7$ 

1.91 

».i6 

a.  to 

2.03 

*  8  per  cent  gsnauMUon  S'-io"  in  150  boure. 
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TABLE  Vm 

Washington  seeds,  goiucied  1915,  cboukd  wrb  band  tax 


'1  finivT.iture 
intcrviU  (*  C.) 


16.3-  23.4 

23.4- 4* 


t6.3-ai,6. 

21.6-29.8. 
16.3-29.8. 

3Q.8p-42... 


<^  «t  certain  paecatace  tnrmiwirion* 


■0 

30 

40 

so 

79 

9.aS 
1.45 

3.62 

2.38 
2.48 

1.36 

2.80 

2.07 
2,32 

0.7IS 

4.05 

1.34 

2.58 

?  25 

-2-37 
o.$799 

2.67 

2.  :i 
2.38 

2.34 
2-37 
2.35 

2.29 

2.60 
2-47 

i.05 

•t  8Vt«^  after  tM  boon,  wd 


tfcii  Mui  16.3*  aot  tifad. 


TABLE  DC 

WASBntOTOK  SEEDS,  OOIXECIBD  1915,  GEOOND  WIXH  SASfD  MINE  WEEI8 


Temptraturc 
interval  (*  C.) 


16.3-31.6. . 

16.3-23.9. . 
23.9-42  


16.3-29.8. 

at. 6-39. 8. 


Qm  at  certain 


10 

15 

10 

71 

1 :) 

a. 39 

1. 99 

3.33 

1 .48 
1.79 

2-54 
a.64 

a. 79 

»  74 
1-65 

I  44 

1.85 

2.53 

3.68 

3.95 
3.06 

*  No  gcn&inatioo  at  8*-ie*  after  16S  houii*  tod  taoipmtiiNi  tMtWMa  thli  and  16. Mt  CiW. 


TABLE  X 


IKOIANA  seeds,  COUfiCIEO  I914,  UMtKBATEO 


Tcmpcratntt 
interval  rc.) 

tl.S 

«5 

JO 

¥> 

do 

1 1 .9  -14.45 ■ ■  ■  • 

13. S2 
3.9a 

9.60 

4*37 

13  >i 
4.$0 

16.85 

4  .  t>2 

»-54 

2.42 

4  47 
»-55 

2.23 

l4.4^-i.^9  

»  SS 

1.4a 
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TABLE  XI 

bmANA  nnuiB,  goixbcxbd  19x4,  owmind  with  samd  two  weeks 


Temperature 
interval  (*  C.) 

Qte  at  certain  iMraataie  fcnuMtioa* 

at 

40 

50 

60 

70 

80 

U.Q  -14.4s  

S  75 
1 .92 

2.91 
1.93 
9.44 

8.88 

1. 91 
l.«4 

303 
1.97 

9.48 

8.30 
384 
1.89 
X.aa 

3-24 
2.14 

2-53 

8.001 
4.19 
1.89 
l.iS 

3  41 

2.09 
2.61 

6.65 

4  54 
1.92 

X.IO 

3-72 
a. 12 
2.7s 

11.4a 

4.91 
1.88 
1.06 

3  94 

24.45-^.4  

8|.4  -36.4  

14.45-29.8  

5-40 
i.M 
X.35 

4.3s 

X4-4S-36.4  

a. 79 

a.  7a 

*  5  per  ccst  germinalion  at  8*"- 10'  in  iM  boura. 


DiscwHdon 

In  the  clTort  to  find  11  rejjrescntativc  end  point,  many  different 
ones  were  tried,  with  the  result  that  almost  any  one  proved  satis- 
factory. These  end  points  are  Q,o  at  different  percentage  germina- 
tion.  A  study  of  the  tables  shows  that  almost  any  percentage 
genninAtion  up  to  the  total  at  the  temperature  might  wc^  serve  for 
this  repifescntative  end  pomt,  as  in  practically  every  series  the 
coefficient  for  lo**  C.  rise  in  temperature  is  more  than  three  when 
computed  at  temperature  intervals  near  the  minimum  temperature 
lor  germination,  and  gradually  decreases  to  about  one  or  even  less 
than  one  near  the  xnaidmum.  At  some  range  bet?reen  these,  ol 
course,  Qn  falls  between  two  and  three.  It  is  interestmg  that  by 
computing  through  a  long  temperature  interval  Qt.  may  be  found 
to  be  between  two  and  three,  when  computations  over  shorter 
interv  als  of  this  longer  one  show  Q,„  not  a  constant  but  a  variable. 
Take,  for  instance,  from  table  III  Q,.  at  the  range  of  temperature 
14.45* -36.4" -2-f,  while  Q„  at  i4.4S**-23.4'*»3.6  to  4+,  23.4°- 
36.4®=  t  S  to  2.0.  Here  Q,,.  computed  through  a  long  inter\al 
where  its  values  ranpc  from  4  to  1.8,  gives  an  average  value  of  2  +  . 
This  is  the  sort  of  thinj^  to  which  K amtz  (  ailed  attention.  The 
series  of  coefficients  computed  through  sh(»rt  temperature  intervals 
afjrees  in  general  tv^Je  with  tho>e  ^i\en  1)\  T.Firrn  i'<ir  etlect  of 
temperature  on  rate  of  j:;rowth  of  seedlings  ol  Fisuni  siili?um,  with 
those  given  by  Lehenbauer  for  rate  of  growth  of  com  seedlings  in 
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Fig.  I. — Rate  of  germination  at  certain  tempentUKS  C  C.)  of  seeds  of  AtnaratUkus 
mnjUxas,  collected  at  Gaiy,  ImUana,  in  1915,  and  iinticalied. 


Fio.  a.— Rate  of  gemunatlon  at  certain  tenqieiatttics  C  C.)  ofseedsof  itfMfMillKt 
rdrofiexus  collected  at  Gaiy,  Indiana,  in  1915,  and  gmond  witli  land  nine  weeks  befote 
being  set  to  genninate. 
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Fn.  3.— Kate  of  gemunation  at  certain  temperatures  C  C.)  of  seeds  of  AmaraHikus 

in  19x5,  and  trcated  widi  coooentimtod  BUSQi 
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•  Fig.  4. — Relative  rate  and  total  percentage  germination  at  42°  C.  of  Amaranihus 
nInJkMM  iwds  ooDected  at  PoDnuii,  Waahingtoa,  in  19x5:  (4)  imtfnied  befon 
being  set  to  germinate;  {B)  treated  with  concentiucd  ^SQi;  (O  gnvnd  wHh 
Mdrfsiradt»i  (17)  gfound  with  nod  nine  wedcs. 
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leUtiaii  to  tempcEatuKy  and  with  those  given  by  Baixs  for  rate 
of  growth  of  sore-shin  fungus  in  relatian  to  temperature.  Omissions 
in  the  tables  of  coefficients  are  due  to  lack  of  comparative  data  at 

certain  temperatures. 

Figs.  I,  2,  and  3,  included  as  representative  graphs,  show  the  dif- 
ference in  total  percentage  germination  of  seeds  collected  at  the 
same  time  in  one  locality,  and  germinated  at  the  same  time  at  the 

same  temperature  but  with  seed  coat  intaet  in  onr  lot  abraded  by 
grindiiig  with  s;ind  in  another,  and  e-irhonized  with  H2SO4  in  the 
third  lot.  This  difference  in  total  .uennination  is  greatest  at  low 
temperatures.  Neverthele.ss,  the  coethcients  for  rate  of  gennina- 
tion  roTiiputed  from  these  curves  in  all  lots  run  remarkably  similar 
(tables  i-iii). 

Fig.  4  shows  the  striking  restricting  effect  of  the  coat  at  high 
temperatures,  an  effect  paralleling  the  magnitude  of  the  restricting 
effect  of  this  coat  at  temperatures  near  the  minimum  temperature 
for  germination.  The  removal  of  coat  effects,  either  by  grinding 
the  seeds  with  sand  or  by  treating  with  HaS04,  allows  much  more 
rapid  germination  at  the  same  high  temperature  (42^  C.)  for  the 
Washington  seeds.  Effects  somewhat  paialleUng  these  were  ob- 
tained for  Indiana  seeds  at  46.1"  C.  In  fig.  4  the  effect  of  grinding 
the  seeds  with  sand  nine  weeks  is  shown  to  be  greater  than  the  effect 
of  grinding  for  six  weeks.  Ccmcomitant  with  this  slowness  in 
germinating  is  the  lack  of  anthocyanin  in  the  seedlings  developed 
at  these  high  temperatures,  and  again  apparently  lessened  amount 
in  the  seedlings  developed  at  the  lowest  temperatures  at  which 
germination  took  place  at  all. 

Conclusions 

1.  The  coefficients  relating  rate  of  gennination  of  seeds  of 
Amarauihus  rcirojkxus  to  temi)erature  grade  from  high  values  as 
10.01  (table  IT)  at  low  tem])eratures,  to  low  values  as  0.001  (tabic 
II)  at  high  temperaturo,  thus  i)aralli  ling  the  coeflScients  relating 
rate  of  growth  of  seedlings  and  sore-shin  fungus  to  temperature 
worked  out  by  Leitch,  Lkhenb-VI  KR,  and  Balls. 

2.  The  general  trend  of  these  coeOicients  is  the  same  for  seeds 
only  partially  after-ripened,  and  for  those  with  coat  effects  almost 
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completdy  removed  by  treatment  with  H1SO4  or  abiasioa  with 
sand,  as  lor  instance  11.75  ^  >'53  Washington  seeds  untreated, 
and  5.77  to  1.37  for  these  seeds  when  treated  with  HJSO4  for 
three  minutes. 

3.  In  after-ripened  seeds  with  coats  untreated,  the  restricting 
effect  of  the  coats  shows  particularly  at  low  temperatures  S^-io**  and 
11.6",  and  again  at  high  temperatures,  42*  for  Washington  seeds» 
and  46.1**  for  Indiana  seeds.  In  both  cases  these  effects  can  be 
lessened  by  treating  the  coats  with  H^04  or  abrading  them  with 
sand. 

Acknowledgment  is  due  Dr.  William  C&ocker  for  suggesting 

this  problem,  and  guiding  the  work. 

Mi^iStiippi  State  College  for  Women 
CouTKBUS,  Miss. 
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NITROGEN  FIXATION  IN  ERICACEAE 

M.  CHKVKZ.ST  RaTWKK 

(with  iOLR  figures) 

btrodnctoiy 

Since  the  middle  of  the  nineteenth  century  it  has  been  known 
that  plants  belonging  to  the  Ericaceae  form  mycorhiza  of  a  char- 
acteristic kind.  Further  knowledge  of  the  relations  between  plant 
and  endophyte  in  this  group  has  only  recently  been  forthcoming. 

In  191 5  Rayner^  showed  that  the  relationship  in  Calluna 
vulgaris  h  of  a  remarkable  character,  involving  obligate  symbiosis 
between  the  two  organisms  ami  a  much  mc^re  extensive  distribution 
of  the  funfj;us  throughout  the  green  plant  than  hatl  been  suspected. 
As  in  Orchidaceae,  root  formation  by  seedlings  is  dependent  upon 
early  infection  by  the  endophyte.  failing  which.  (ie\  elopment  ceases 
and  the  plant  perishes  in  the  seedling  stage.  Unlike  the  condition 
in  Orchidaceae.  infection  at  the  appropriate  moment  is  provided  for 
by  the  presence  of  m\  celium  on  the  seed  coat,  a  condition  ensured 
b)-  I  he  distribution  of  the  endophyte  throughout  the  vegetative 
tissues  and  eventually  within  the  ovary  chamber.  These  facts 
have  been  demonstrated  with  certainty  in  CoUwna,  and  the  evi- 
dence pdnts  to  a  similar  condition  thiouj^out  the  family.  Thus 
ovarial  infection  has  been  reported  for  many  species  in  all  the  sub- 
orders of  Ericaceae,  and  the  inability  of  seedlings  to  complete  their 
development  without  infection  has  already  been  proved  for  a 
number  of  these. 

In  such  remarkable  associations  between  flowering  plants  and 
fungi  as  are  found  in  the  orchids  and  in  Ericaceae,  it  is  of  great 
interest  to  learn  the  exact  nutritive  relations  between  the  symbi- 
onts.  In  orchids  there  b  ocular  evidence  of  digestion  of  mycdium 
by  the  cells  of  the  root,  and  it  is  clear  that  by  this  means  the  plant 
can  draw  indirectly  upon  organic  compounds  of  carbon  and  nitrogen 
in  the  soil.  In  the  chiorophyllous  orchids  the  end<^hyte  can  utilize 

'  R/\YNSR,  M.  C.»  Obligate  lymbiosis  in  Cattuna  nrf<arj».  Ann.  Botany  99:97" 

15,-?.  1015. 
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the  products  of  photosynthesis,  but  in  the-nonchlorophyllous 
foxms,  such  as  NeotHa  and  CoraUorkisat  this  is  not  so,  and,  on  the 

observed  facts,  the  mutual  relationship  appears  to  be  one  of 
parasitism  on  the  part  of  the  green  plant.  Indeed  this  condition 
has  fully  been  demonstrated  for  Gastrodia  elata,  a  remarkable 
non-chlorophyllous  species  found  in  Japan.  It  is  certain,  therefore, 
that  one  at  least  of  the  so-caUed  "saprophytic  "  orchids  is  parasitic 
upon  a  fungus,  Armillaria  mellea,  and  that  the  establishment  of  this 
relation  has  become  obh'gatc  for  the  full  cfpvelopment  of  the  plant. 
This  is  the  more  interesting  in  that  the  fungus  mnrrmed  is  para- 
sitic in  habit  and  invades  the  tuber  of  the  orrhid  in  the  first  instance 
in  exactly  the  same  manner  as  it  attacks  the  tubers  of  potato,  upon 
which  it  is  commonly  found  as  a  parasite  in  Japan.*  In  orchids 
the  fungi  endophytic  in  the  roots  do  not  spread  into  the  chloro- 
phyllous  tissues,  nor  is  there  any  evidence  that  they  can  use  atmos- 
pheric nitrogen. 

In  CalluHd  the  evidence  as  to  exchange  of  food  materials  between 
the  two  partners  may  be  siunmarized  as  follows.  There  is  no 
indication  of  digestion  ol  mycelium  by  the  root,  nor  are  there  any 
obvious  s>inptoms  of  attack  or  defense  beyond  the  fact  that  h>  phae 
effect  an  entry  in  the  first  instance  and  spread  from  cell  to  cell. 
That  this  vegetative  activity  depends  upon  a  supply  of  food  drawn 
from  the  plant  cells  rather  than  from  organic  compounds  in  the  soil, 
is  suggested  by  the  normal  behavior  of  the  symbionts  when  grown 
m  solutions  of  inoiganic  salts  in  pure  culture.  In  the  shoot, 
active  mycelium  is  not  readily  demonstrated  although  widely  dis- 
tributed in  a  reduced  condition;  active  hyphae  occur  in  the  exten- 
sive air  spaces  of  the  leaves,  and  grow  into  the  air  from  the  surface 
of  the  shoot.  Moreover,  there  is  evidence  that  mycelium  under- 
goes digestion  by  the  mesophyll  cells  of  the  leaf,  and  also  that  the 
fungus  can  hydrolyze  arbutin  outside  the  plant  (Raynbr,  loc»  cU.). 
With  respect  to  nitrogen  assimilation,  there  is  cumulative  evidence 
that  the  cnHophyte  of  Ericaceae  can  utilize  atmospheric  nitrogen 
in  greater  or  less  d<  grec,  and  it  is  the  purpose  of  this  paper  to 
present  this  as  briefly  as  possible. 

>  KusANO,  S.,  Gastrodia  data  and  its  symbioUc  aSBOmCion  ir|th  AmMoH* 
metleo.  Jour.  CoU.  Agric.  Tokyo  4:1-66,  1911. 
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The  experimental  e\'idence  in  question  is  derived  from  three 
sources,  (i)  The  work  of  Ternetz,*  who  showed  that  certain 
fungi  isolated  from  the  roots  of  ericaceous  species  could  utilize 
atmospheric  nitrogen.  (2)  The  -work  of  the  writer  (loc.  cil},  which 
supplied  the  necessary  link  connecting  these  fungi  directl}'  with 
Ericaceae,  and  also  provided  additional  evidenc  e  of  the  abihty  of 
certain  ericaceous  species  to  utilize  atmospheric  nitrogen,  (t,)  The 
work  of  DuGGAR  and  Davis,^  who  undertook  a  critical  experimental 
review  of  the  ditfuult  problem  of  nitrogen  fixation  by  fungi.  The 
evidence  provided  by  these  workers  will  now  be  considered  in  his- 
torical sequence. 

(i)  The  researches  of  Tkrnktz  were  undertaken  in  connection 
with  an  attempt  to  isolate  the  root  endophj  tes  of  Ericaceae,  concern- 
ing which  no  infonnation  was  at  that  time  available.  As  a  result  of 
prolonged  experiments,  eight  pycnidia-fonning  fungi  were  nolftted, 
five  of  which  were  investigated  for  evidence  o!  fixatiim  of  g^se* 
ous  nitrogen.  All  fonns  isolated  were  referred  by  Lindait  and 
HEiofiNGS  to  Pkoma,  and  differed  in  the  small  size  of  the  pycnidib^ 
spores  (4-5  M  in  length)  from  the  spedes  previously  found  associated 
with  Ericaceae.  The  five  fonns  experimented  with  were  isolated 
from  the  roots  of  Oxyeoeeus  palusins,  AndntNeda  paUftHia^  Vac- 
cinium  ViHs-Idaea,  Erica  TeiraUxi  and  £.  cornea,  and  were  named 
Phoma  radkmOxycoca,  P,  raikUsAndf&medae,  P.  radidis  Vaecinit 
P.  radiciis  Tekalkis,  and  P.  radkiis  Erkae,  respectively.  Terxetz 
has  put  on  record  the  interesting  observation  that  these  fungi, 
although  isolated  from  plant  species  growing  in  dose  proximity, 
are  specific  strains,  distinguishable  by  definite  morphologic^  and 
physiol'^?rif  al  characters. 

The  isolation  of  fungal  species  endophytic  in  the  roots  of  plants 
is  a  matter  of  notorious  ditTiculty,  and  their  identity  can  only 
be  proved  by  formation  of  mycorhi/.a  typical  for  the  specie?  follow- 
ing upon  inoculation  from  ]iure  culture  into  the  roots  of  seedlings 
free  from  fungal  infection.   Those  isolated  by  Te&netz  were 

^TrRvrr?,  C.  t-bcr  die  Assimilation  dct  atmo^hiifachcn  SUckttoffet  diiidi 

PUze.   JaJirb.  Wiss.  Hot.  44:  :^=;3~4oH.  1007, 

*  DucGAK,  B.  M.,  and  Uavis,  A.  K.,  Studies  in  the  physiology  of  the  fungi.  I. 
Kitngfea  fixation.  Ann.  Mo.  Bot.  Gud,  a:4il-'4S7.  I9>6. 
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believed  to  be  the  endophytcs  associated  vnth  the  different  species, 
but  the  necessan'  proof  was  lacking,  inasmuch  as  seedlings  of  the 
latter  were  never  obtained  free  from  mycorhiza.  All  attempts  to 
sterilize  seeds  failed,  since  sooner  or  later  the  roots  of  seedlings 
raised  from  such  seeds  showed  the   
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Fig.  I,  2. — Fig.  1,  C'alluna  vulgaris:  representative  seedlings  (four  months  old) 
from  large  number  grown  in  agar  nutrient  lacking  nitrates;  growth  continued  until 
root  system  occupied  whole  of  rooting  medium;  shoots  averaged  3.5-5  cm.  length; 
fig  2,  Calluna  vulgaris:  representative  seedlings  (three  months  old)  from  silica  jelly 
cultures  lacking  combined  nitrogen;  silica  nutrient  in  right-hand  tube  chanced 
to  be  more  liquid  in  consistency  than  other  tube,  or  tnan  tubes  shown  in  fig.  3,  hence 
more  vigorous  root  development;  finer  roots  in  upper  part  of  root  system  not  visible 
in  photograph. 

gillus  niger  and  Penicillium  glaucum,  were  subsequently  cultivated 
on  media  free  from  combined  nitrogen.  The  cultures  were  carried 
on  over  a  period  of  several  years,  were  frequently  repeated,  and 
due  precautions  were  observ  ed  with  regard  to  purity  of  materials, 
adequacy  of  controls,  and  methods  of  estimation.  It  is  recorded 
that  none  of  the  fungi  investigated  required  a  supply  of  combined 
nitrogen  for  healthy  development  or  growth.  They  all  fixed 
atmospheric  nitrogen,  but  in  very  different  degrees.    The  values 
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obtained  for  AspergiUus  and  FeniciUium  are  too  small  to  have  any 
criticai  valuci  and  agree  in  this  respect  with  those  of  previous 
investigators.  The  highest  capacity  for  nitrogen  fixation  was 
found  in  the  strains  of  Phoma  isolated  from  Oxycoccus^  Vacciniumf 
and  Andromeda,  in  which  the  values  cited  appear  to  be  well  outside 
the  range  of  any  possible  experimental  error.  Table  I,  reproduced 
from  the  original  paj^er  by  Ternetz,  shows  the  values  obtained  for 
Phoma  radkiis  as  compared  with  those  on  record  for  the  nitrogen^ 
hxing  bacteria. 

TABLE  I 


RSCOItD<;  oy  NrrROCEN   fixation   by  fungi   F\"rRACTFJ>   FROM    POTT?  FRICACSOm 
SPEOES,  AS  COHPAKED  WITH  THAT  EXUIBITEO  BY  Clostruiium,  Azotobocter 

AsperfiUmSf  and  FmkSlumf  twam  Teknses  ed.)* 


Days 

NltKOaiM 
nXAXMMT 

Km. 

Per- 

mg. 

per  Km. 
dextrote 
(m«) 

CtotfrkHnm  Pasteunumm. . 

30 

40 

4 

40 

53.6 

1.34 

Winogradiki 

CkstrMiam  Pasteurftimm. 

30 

20 

3 

20 

14.4 

i.aa 

Winogndiiti 

Clu-t ri'-iiiiTT!  nTr;fTi'-nn',)m . 

.•50 

0.25 

I -25 

4.6 

3-7 

Pringsheim 

Closindium  amencanuin.  .  . 

JO 

s 

I 

3  01 

8.3 

3  o» 

G«rlach  and  Vogel 

Azotobacter  chroococcus. . . 

35 

5 

05 

5 

42.7 

8.56 

Gcrlach  and  Vogd 

Azotobocter  chrooooccuB.  • . 

35 

13 

I  .  3 

13 

137.9 

10,66 

TenicU 

38 

7 

7 

I  .  I 

1-9 

i.7t 

Teniete 

Pcniculiuni  glaucum. 

38 

7 

7 

0.7 

2.8 

3  S 

Temctz 

Phoma  radiciis  Oxytocri 

38 

7 

7 

0.85 

iS-3 

18.08 

Ternetz 

I'homa  radk  iis  Anfiromctiac 

28 

7 

7 

0.67 

7-3 

10.93 

Temctz 

Phoma  radii  iis  Vaccinii. . . . 

38 

7 

7 

0.71 

«S-7 

33.  14 

Temet« 

Plioma  radicii^  TctraUds. . . 

38 

7 

7 

I 

4 

3-99 

Ternet» 

Flioma  radiciis  Kricae  

28 

7 

7 

I  .  I 

2-3 

3.17 

Temetz 

The  three  fungal  strains  concerned  work  much  less  energetically 
but  more  economically  than  Clostridium  or  Asotobacter,  For 
example,  for  each  gram  of  dextrose  used,  22  mg.,  18  mg.,  and 
II  mg.  of  nitrogen  were  combined,  as  contft  Ln  d  with  values  ranging 
from  1.2  mg.  to  10.6  mg.  of  nitrogen  per  gram  of  dextrose  for  the 
nitrogen-fixing  bacteria.  These  are  the  highest  relative  hgures 
on  record  for  nitrogeri-fixinc:  organisms. 

(2)  The  evidence  com  ril  .uud  by  the  writer  was  obtained  in  the 
course  of  an  intensi\  e  experimental  study  of  CaUuna  vulf^aris.  and 
supplied  the  link  needed  to  connect  the  fungi  isolated  by  Ternetz 
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wHh  their  ericaceous  host  plants.  In  ignorance  of  the  woik  of 
Tbkmbte,  the  conclusion  was  reached  independently  that  seedling 
roots  become  infected  irom  the  testa  subsequent  to  geimination. 
This  view  proved  to  be  correct,  and  a  pycnidia-bearing  fungus  was 
eventually  isolated  with  comparative  ease  from  unopened  fruits. 
Proof  of  the  identity  of  this  fungus  was  then  provided  by  reinocu- 
lation  into  seedlings  grown  in  pure  culture  and  raised  from  sterilized 
seeds.  A  remarkable  condition  of  obligate  symbiosis  was  thus  put 
on  record  for  Call  una,  and  the  obscrv  ations  made  by  Ternktz  as  to 
the  specificity  of  the  fiintral  strains  in  the  different  ericaceous  species 
were  subsequrriil\  Lonlimied.  The  characters  of  the  cndophyte 
t-olaied  from  ( ''illuna  agree  with  those  described  by  Ternetz,  and 
the  necessary  prtxjf  is  thus  provided  that  the  forms  experimented 
with  by  this  worker  were  actually  those  associated  with  the  five 
plant  species  concerned,  in  view  of  this  fact,  the  suggestion 
previously  put  forward  as  to  nomenclature  {loc.  ciL,  p.  125)  should 
be  withdrawn  and  the  name  Phoma  rodkUs  CaSmiae  accepted. 

In  the  paper  recording  these  facts,  attention  was  drawn  to 
observations  bearing  on  the  possibility  oC  nitrogen  fixation  by  the 
endophyte.  Of  these  may  be  mentioned:  (i)  the  vigor  and  longev- 
ity ol  seedlings  germinated  on  filter  paper  moistened  with  distilled 
water  (Raymeb*);  (2)  the  wide  distribution  of  the  endophyte 
tfanni^umt  the  plant  tissues,  its  development  in  the  intercellular 
spaces  of  the  leaves  and  emergence  to  the  air  from  the  surface  of 
tiie  shoot;  (3)  the  evidence  of  digestion  of  mycelium  by  mesophyU 
cells  (see  footnote  r).  The  association  of  Calkma  and  other  erica- 
ceous q>edes  with  soils  deficient  in  nitrates  in  itsdf  provides 
raisott  d*Un  for  the  remarkable  biological  relations  between  plant 
and  fimgus,  assuming  fixation  ol  atmospheric  nitrogen  on  the 
part  of  the  latter. 

Bxpefimental  obiOfvaiHona 

CaLLUNA  SKEDLINGS  in  media  L.\CKING  combined  NITROGEN'. — 

In  exp>erimentul  cul lures,  seedlings  of  Calluna  grow  readily  uiulcr 
aseptic  conditions  in  a  dilute  normal  solution  made  with  1.2  per 
cent  agar-agar.    In  order  to  test  the  possibility  of  cultivation  in  a 

i  Rayxkb,  M.  C,  The  eodo^y  o<  Calluna  vulgaris.  New  Phytol.  12 159-77,  1913. 
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substrate  free  from  combined  nitrogen,  pure  culture  seedlings 
were  planted  in  a  similar  medium  lacking  nitrates,  both  sets  of 
seedlings  being  infected  fromapure  culture  of  the  endophyte  at  plant- 
ing. These  cultures  were  first  grown  in  191 5,  and  no  special  pre- 
cautions were  observed  beyond 
the  use  of  pure  chemicals  and 
freshly  distilled  water.  The  seed- 
lings not  supplied  with  nitrate 
grew    surprisingly  well.  They 


Fto.  3 
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Figs.  3,  4. — Fic.  3,  control  seedlings  planted  simultaneously  with  those  in  fig.  2 
in  silica  jelly  nutrient  containing  combined  nitrogen  in  form  of  KXOj;  fig.  4,  same 
seedling  as  shown  in  right-hand  tube  of  fig.  2,  five  and  a  half  months  old;  shoot 
reached  height  of  over  6  cm. 


were,  on  the  average,  healthier  than  the  controls,  a  brighter 
green,  and  of  quite  as  \ngorous  growth.  The  controls  were 
supplied  with  potassium  nitrate  in  the  proportion  of  0.5  gm. 
per  liter.  They  showed  no  differentiating  features  and  unfor- 
tunately were  not  photographed.  It  should  perhaps  be  men- 
tioned that  the  cultures  were  grown  in  a  small  cold  greenhouse 
away  from  the  laboratory.  Kjeldahl  estimations  of  samples 
of  the  agar  medium  subsequently  made  yielded  negative  results. 
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It  had  been  observed  previously  that  Calinuia  seedluigs  thrive  only 
in  solutions  of  extremely  low  total  concentrations  of  salts  (0^5  per 
cent).  The  experiments  just  described  show  further  that  in  cul- 
tures of  "  synthetic seedlings,  the  use  of  a  culture  fluid  of  0.05  per 
cent  total  concentration  affords  optimum  conditions  for  growth. 

The  experiments  have  since  been  repeated,  using  every  p<^ble 
precaution  to  avoid  contamination  by  traces  of  combined  nitrogen. 
A  similar  solution  of  inorganic  salts  was  made  up  in  silica  jelly 
prepared  from  specially  puri&ed  materials  and  ammonia-free  water. 
The  cultures  were  planted  in  the  autumn  under  unfavorable  weather 
conditions,  and  seedlinfr^  did  not  root  freely  in  the  silica  jelly, 
which  seemofl  to  <>iii  i  mechanical  difficulties.  Otherwise,  the 
results  conlirmtd  iho.-.c  already  described.  The  seedlings  deprived 
of  combined  nitrogen  were  green  and  healthy  and  grew  at  the  same 
rate  as  the  controls. 

It  may  be  objected  that  seedlings  of  Calluna  could  gr  )\\  for 
several  months  on  the  seed  reserves,  and  that  this  account-  for 
the  vigor  and  longevity  shown  by  scLilling:^  supplied  with  dis- 
tilled water  only.  Against  this  interpretation  is  the  fact  that 
seedlings  germinated  on  moist  filter  paper  from  sterilized  seeds 
not  only  fonn  no  roots,  hut  make  practically  no  shoot  growth 
and  quiddy  show  symptoms  of  starvation  such  as  yeUowing  and 
discoloration  of  the  leaves.  These  symptoms  are  relieved  by  inocu- 
lation from  a  pure  culture  of  the  endophyte.  Finally,  there  can 
be  no  doubt  that  the  optimum  conditions  in  artificial  cultures  for 
the  establishment  and  maintenance  of  a  propedy  balanced  rdation 
between  plant  and  endophyte  are  supplied  by  a  rooting  medium  of 
extremely  low  concentration  of  salts  (for  example,  0.05  per  cent) 
lacking  combined  nitrogen.  A  fresh  line  of  research  is  hereby  sug- 
gested in  order  to  ascertain  whether  the  unfavorable  symptoms 
shown  by  seedlings  planted  in  culture  solutions  of  higher  concentra- 
tion  of  salts  can  be  spedatty  correlated  with  the  supply  of  nitrates. 
It  is  certain  that  a  very  small  alteration  in  tlie  character  of  the 
nutrient  supplied  to  "synthetic"  seedlings  overthrows  the  normal 
balance  and  induces  parasitism  in  the  endophyte. 

(3)  Additional  f.vidf.xc  k  ox  nitrogen  fixation  in  Phoma. — 
An  indirect  contribution  to  the  subject  has  recently  been  made  by 
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DuGGAR  (he.  cU.)*  In  the  course  of  an  qfperimeiital  review  of 

previous  work  on  nitrogen  fixation  by  fungi,  DuGGAS  has  repeated 
and  extended  the  observatums  of  earlier  workm  on  this  subject, 
taking  extraordinary  precautions  to  avoid  experimental  methods 

open  to  criticism  on  the  score  of  inaccuracy.  Among  the  species 
thus  invcstigali'd  are  Penicillium  si)])..  Asperf^illus  nigcr.  Macro- 
sporium  commune,  Glomrrclla  (jossypii,  and  Phoma  Betue,  as  well 
as  three  forms  of  Azotobacter  isolated  from  dilTerent  soils.  With 
regard  to  the  lour  first  named  genera,  Dt  cgar's  work  confirms  that 
of  previous  o})ser\ers.  namely,  that  tlu  -i  fungi  can  utilize  atni  - 
pheric  nitrogen  to  a  vcr\-  slight  extent.  The  amouiits  recorded  are 
very  smaJl,  and  in  Duggar's  opinion  cannot  be  accepted  as  con- 
clusive evidence  of  ability  to  fix  atmospheric  nitrogen.  On  the 
other  hand,  tlie  values  obtained  by  Duggar  for  Phoma  Bctac  range 
from  3.022  mg.  to  7.752  mg.  per  50  cc.  of  culture  fluid,  a  known 
amount  (rf  comb&ied  nitrogen  being  supplied.  Tbese  values  ace 
of  spedal  interest  for  comparison  with  those  recorded  by  Ter2TETZ 
for  the  f onus  of  Phoma  radkUs  extracted  from  the  roots  of  ericaceous 
species.  Indeed,  the  evidence  appears  to  be  conclusive  that  ability 
to  continue  to  fix  atmospheric  nitrogen  exists  in  varying  degree  in 

The  experimental  results  obtained  by  the  writer  indirectly 
support  this  view,  and  provide  a  basis  for  an  intelligibie  explana- 
tion of  one  physblogical  aspect  of  the  relation  between  green 
plant  and  fungal  symbiont  in  Ericaceae;  incidentally,  they  throw 
light  on  the  proved  ability  of  species  such  as  Calluna  and  Vaccinmm 
to  thrive  in  soils  deficient  in  nitrates.  The  degree  of  nitrogen 
fixation  by  the  endophyte  doubtless  varies  with  the  species  con- 
cerned, and  nuty  operate  as  an  important  survival  factor  for  the 
^ant  growing  under  competitive  conditions. 

Summary 

1.  In  1907  Terneiz  provided  evidence  that  certain  strains  of 
Phoma,  isolated  from  the  roots  of  ericaceous  plants,  could  utUize 

atnios])heric  nitrogen. 

2.  In  igi5  the  necessary  proof  that  the  fungi  extracted  by 
Ternetz  were  actually  the  cndophytes  was  provided  by  the 
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writer,  who  showed  abo  that  seedlings  of  OUhna  mUgaris  in  pure 
culture  thrive  in  a  rooting  medium  lacking  combined  nitrogen. 

3.  In  1916  PuoCAK  offered  additional  evidence  for  fixation  of 
nitrogen  by  members  of  Phoma, 

The  experimental  work  of  which  this  paper  gives  an  account 
has  been  in  part  carried  out  at  the  Pilcher  Re^^earrh  Laboratory, 
Bedford  College,  University  of  London,  with  the  aid  of  a  grant 
from  the  Dixon  Fund  of  the  University  of  London. 

BKDKWD  COIUSGE  VOft  WOICXM 
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Gbosgb  W.  If  aktin 
(wiIH  TEN  VIGtntlS) 

The  morphology  and  distribution  of  the  fungi  parasitizing 
marine  plants  are  still  so  imperfectly  known  that  additional  facts 
concerning  any  of  them  seem  worth  placing  on  record.  Among 
some  algal  material  collected  by  Dr.  T.  C.  Nelson  in  HarntHnit 
Bay,  New  Jersey,  and  scut  by  him  to  the  writer  preser\cd  in 
formalin,  occu  rred  a  small  sterile  plant  of  CaUilhamnimi  which 
was  observed  to  bear  numerous  sporangia  of  a  chytridiaceous 
fungus.  The  mature  sporangia  were  globose  or  nearly  so,  from 
22  to  39  n  in  diameter,  averaging  33  n,  and  closely  appressed 
to  the  attacked  host  cell,  which  ooaM  be  sharply  distinguished 
from  the  neighboring  imattacked  ceUs  by  the  partial  or  nearly 
complete  exhaustion  and  decoloiation  of  its  contents.  In  only 
one  instance  was  more  than  one  sporangium  attached  to  a  single 
host  cell  (fig.  8).  The  cell  contents  are  destroyed  first  at  the  end 
at  wliidi  the  fungus  is  attached  (fig.  3),  and  by  the  time  tlie  sporan- 
gium  becomes  mature  the  contents  of  the  parasitized  cell  axe,  as 
a  rule,  almost  exhausted  (figs,  i,  2,  6,  8).  In  some  cases  a 
branched,  roothke  mycelium,  rather  coarse  for  this  genus,  oould 
be  seen  within  the  host  cell  and  traced  to  the  base  of  the  sporan- 
gium (figs.  X,  2,  8,  9,  10).  More  frequently  the  mycelium  could 
not  be  distinguished.  The  zoospores  are  from  2  to  3  in  diameter, 
globose  or  somewhat  irregular  in  shape,  and  are  evidently  liberated 
through  an  opening  developed  from  a  papilla,  of  which  each 
sporangium  bears  from  one  to  several  (ligs.  i,  4,  5).  Each  zoo- 
spore contains  a  nucleus  or  oil  globule,  and  in  addition  a  much 
smaller  body,  observed  only  in  the  spores  remaining  in  a  nearly 
BoUiiiG«l  Oaz«tt«,  ToL  73]  [»36 
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Figs.  i-io. — Figs,  i,  2,  mature  sporangia,  one  with  two  papillae,  showirjj;  mycel- 
ium in  host  odi;  fig.  3,  two  immature  sporangia  showing  eadiaustion  of  host  cells  at 
end  of  which  sporangia  are  attached;  fig.  4,  immature  '-poranKium  with  two  pa|iil!ac-; 
tig.  s,  nearly  mature  sporangium  from  above,  with  ilim-  papillae  (sporangium  attached 
to  basal  cell  of  maUer  bnndi) ;  fiRs.  6,  0.  mature  hf>oranKia,  latter  ahowing  miycdiuni; 
fig.  7,  immature  sporangium,  showing  riKitlikc  base;  fig.  H,  two  mature  •ipomnpia  on 
same  host  cell;  tig.  10,  nearly  empty  sporangium;  spores  with  nuclei  and  blcpharo- 
phnti.  Flfk  1-3,  X480;  figs.  4-i<s  Xiooo;  all  nduosd  to  one-balf  in  i^ioductioo. 
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empty  sporangium  (fig.  lo),  prestimably  a  bteptaaioplast.  The 
wall  of  the  sporangium  is  smooth  and  firm  and  about  i  fiin  thickness. 

According  to  the  classification  of  ScerOier'  this  fungus  belongs 
to  the  genus  EkuopkidUmj  of  which  several  species  have  been 
reported  as  attacking  hosts  which  occur  in  salt  or  brackish  water. 
Of  these,  only  R.  polysiphoniae  (Cohn)  Petersen  resembles  the 
species  under  consideration.  This  fungus  was  originally  described 
from  Helgoland  by  Cohn'  under  the  name  Chytridium  polysiphoniae, 
as  lacking  a  mycelium  and  with  a  dark  colored  membrane  and  a 
dt'finite  operculum,  although  tlie  latter  is  not  shown  in  Cohn's 
later  figure.^  Petersen*  redescribecl  the  species  as  a  Rhiznphid- 
ium,  stating  that  it  possessed  a  definite  mycelium,  and,  except  in 
old  .specimens,  a  hyaline  membrane,  and  ref)ortij  it  as  occurring 
in  several  localities  in  Denmark  on  Polys iphonia,  Cera  mi  urn, 
Delessaria,  and  Calliiiuunnion.  The  correspondence  between  this 
species  and  the  form  from  >ievv  Jersey  is  not  complete,  since  in 
the  latter  no  suggestion  of  a  definite  operculum  could  be  seen,  and 
some  of  the  ^rangia  had  at  teast  three,  possibly  more,  papillae. 
Nevertheless,  the  resemblance  between  the  Xew  Jersey  species  and 
the  descriptions  and  figures  of  Cohn  and  Fbtersen  is  so  dose  that 
it  seems  inadvisable,  without  studying  fiving  material,  to  regard 
them  as  distinct 

UmvEKsmr  of  CmcAoo 

•ScHKOTEK,  J.,  Chylriiiiiicac.  lii  EsuLt-Ji  and  Prantl,  Die  NatuHidiea 
PflaniicnfiiiiiHm  i  :*  1893. 

'Cow,  FkiDDfAND,  Chytridii  spedn  novM  mBniiac.  Hedwisift  4:169-170^ 
186$. 

i  ,  Beitr^e  zur  Phj'siologie  der  Fhycochromaceea  und  Floiideen.  Archiv 

Mikr.  Anatomie  3:1-60.  1867. 

4  Pbiusbk,  H.  Cootiibutions  a  bt  roiiMliMwmfit  des  Fbyoomyoetes  amriB* 
(Cbytridittae  Radier).  Own.  Dunke  Videnskabenws  Sddabs.  Foiii.  isos:439- 
4S8. 
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BOOK  REVIEWS 
Tnnspinition  of  pbwti 

Burcerstein's'  second  volume  on  the  transpiration  of  plants  constitutes 
I  a  supplement  to  his  well  known  work  published  in  1004.    It  presents  a  critical 

summary  of  the  literature  on  transpiration  down  to  and  including  the  year 
zpao.  The  fast  volume  was  bued  on  394  publicatioiis,  while  in  the  eeoond 
volmne  505  have  beeo  added,  meny  of  vridch  in»  puUxshed  in  English,  and 
an  unusually  large  number  by  women.  The  first  volume  contained  30  chapters, 
the  second  32.  They  parallel  each  other  very  closely,  but  a  comparison  of 
I  the  two  brings  out  rather  dearly  the  more  recent  trend  of  this  line  of  iavestiga- 

I  tion.  Many  of  thesuhjectsmentiDiiedhithetcttinthe  fiiM:  vtdnme  are  hcie 

^  given  sepante  chapter  treatment.  Thus  tlie  ptincq>al  advances  made  in  the 

study  of  the  transpiration  of  plants  during  tile  last  tizteai  years  are  clearly 
indicated.   A  number  of  new  terms  and  phrases  appear  in  the  second  volume 
I  which  were  not  used  in  the  tirst,  and  most  of  which  are  concerned  with  an 

attempt  on  the  part  of  the  investigator  to  obtain  a  more  satisfactory  basis  for 
I  the  oompariaon  of  the  amount  of  tianspiratioa  of  different  plants  at  different 

times  and  under  (Uffoait  oonditions. 
I  Relative  transpiration  is  the  ratio  of  transpiration  of  any  plant  at  any  time 

I  to  the  water  loss  from  a  standardized  water  surface,  or  from  any  other  water- 

evaporaliiig  burlace  expost^i  under  tiie  same  conditions  aj»  is  the  plant,  and  lor 

the  same  length  of  time.  In  most  of  the  p^Mis  in  whidi  this  term  is  used  the 
asnmptiOD  has  been  made  that  e^poration  is  a  correct  measure  of  the  environ- 
mental conditions  affecting  transpiration,  and  that  therefore  any  variation 
which  occiu^  in  the  plotted  graf)h  sho%ving  ratio  of  transpiration  to  water 
>  loss  is  due  to  some  adjustment  on  the  part  of  the  plant.    This  assuntplton  is 

made  without  sufficient  reason  and  »  not  well  supported  by  experimental  data. 

Index  iff  iranspmng  power  differs  from  relative  txansputatioii  only  in  that 
a  cobalt  paper  is  introduced  as  an  indicator  of  relative  water  loss;  consequently 
any  errors  inherent  to  the  relative  transpiration  method  are  not  eliminated  by 
this  method,  and  there  is  also  introduced  the  uncertainty  connected  with  the 
use  of  the  cobalt  paper.  Both  of  these  methods  have  been  used  estensivcly 
and  have  stfanulated  an  unusually  huge  amount  of  investigation.  While  the 
aocuracy  of  the  results  must  be  questioned,  it  is  undoubtedly  true  that  our 
knowledge  <rf  transpiration  has  been  greatly  advanced  by  thdr  application. 

I  Bercekstein,  Alpreo,  Die  Trui^iiatioii  der  PflsBMi.  Zwelter  Tell  (Eigln- 
sungBbaad).  Jeoa.  1930. 
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Spffifir  transpiration  is  really  an  expression  of  the  rate  of  dr^^rng  of  plants. 
It  is  the  percentage  of  the  total  water  conicut  of  the  plant  lo&i  during  a  definite 
time.  Tlie  km  would  natural^  be  very  high  in  plants  with  low  water  amtent 
and  very  low  in  plants  such  as  suctnihnts,  wfaidi  have  very  high  water  oontent. 

Correlative  transpiration  has  been  used  in  the  sense  of  idatlve  ttatiapira- 
tion,  and  also  to  express  the  inter  relalionship  between  transpiration  of 
leaves  in  the  shade  and  in  the  sun,  bringing  out  the  fact  that  leaves  in  the  sun 
will  often  withdraw  the  water  from  the  leaves  in  the  shade,  and  although  their 
tnuiq>icatioii  is  much  moie  npid  tban  leaves  exposed  in  the  aiiade,  wiD  continue 
fresh  while  those  in  the  shade* wilt. 

Water  requirement  is  used  in  two  difTeri-nt  ways.  In  the  broadest  applica- 
tion of  this  word  it  is  synonymous  with  the  expression  "water  relation  of 
plants,"  but  by  many  it  has  been  used  in  a  narrow  sense  to  signify  the  ratio 
of  water  consumption  to  dry  matter  produced  during  tiie  growth  of  a  plant. 

Many  new  methods  have  been  employed,  both  for  determining  the  stomatal 
openings  and  measuring  the  water  loss.  The  epidermis  has  been  fixed  either 
in  alcohol  or  picric  acid  and  the  openings  mi-asured  by  microscopic  examination- 
The  rate  of  the  flow  oi  air  through  mc  leaf,  or  the  porometer  metiiod,  which 
has  several  modificatkma,  has  enabled  the  eq>crinienter  to  estimate  the  reia* 
tive  difference  in  the  openings  of  the  stomata.  To  thtt  method  has  also  been 
^plied  automatic  recording  dtvii(s. 

One  of  the  simplest  and  most  useful  methods  for  determining  whether  or 
not  the  stomata  are  open  is  the  infiltration  method.  Absolute  alcohol, 
petroleum  ether,  or  other  fluids,  when  dropped  on  a  leaf  with  open  atomates 
penetrate  into  the  mesophj^.  lliis  penetration  is  easfly  observed,  and  the 
technique  is  so  simple  that  observations  can  be  made  rapidly. 

Several  modifications  of  the  gas  diffusion  or  pas  infiltration  method  have 
been  employed  by  different  workers.  A  large  variety  of  potometcrs  and 
atmometecs  have  been  devked.  Nothing  especially  new  has  iqipeared  among 
the  porometers,  but  a  number  of  new  tsrpes  of  atmometers  have  been  employed. 
These  consist  chiefly  of  porcelain  filters  or  of  filter  paper  saturated  with  water 
which  is  allowed  to  evaporate  and  the  loss  determined  by  weighing. 

In  the  measuring  of  transpiration  loss  no  entirely  new  methods  have  been 
devised,  although  great  improvements  have  been  made  on  the  older  methods. 
Automatic  weighing  devices  have  been  greatly  inqiraved,  and  there  has  been 
considerable  improvement  also  in  the  metliods  of  measuring  transpiration  by 
rolketing  the  transpired  water.  There  are  now  several  tN-pes  of  aut<jtnatic 
instnimtnts,  rhit  tly  of  the  step-by-step  type,  which  give  satisfactory  records 
of  tranApiruliuii  loss. 

Efforts  to  find  algebraic  equations  or  formulae  by  whidi  trampiratioa  can 
be  estimated  from  the  ohx  r\  ed  environmental  conditions,  has  resulted  in  a 
clearer  understanding  of  the  factors  afTectinp  tran5.i)iration,  but  no  entirely 
satisfactory  ef|uations  have  been  deduced.  In  fact,  experimental  data  are 
hardly  sutiicient  al  the  pre^-nt  time  to  enable  one  to  evaluate  properly  such 
factors  as  wind,  Ught,  etc.,  and  this,  combined  with  the  uncertainty  of  the 
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effect  of  stomatal  movement,  makes  the  problem  an  especially  difficult  one. 
It  is  true,  however,  that  the  dlccl  of  external  conditions  on  transpiration, 
determined  usually  by  comparing  transpiration  at  different  places  at  different 
pottkms  of  tbe  day  or  year,  is  mm  mudi  better  tindeistood  than  at  the  time 

of  publication  of  the  ftrst  volume.  These  results  have  beat  obtained  lisualty 
with  the  help  of  either  painstaking  direct  weighings,  or  by  the  use  of  automatic 
transpiration  rcrords.  the  evaporation,  temperature,  sunli^^t,  wind,  and  wet 
bulb  depres&ion  having  been  simultaneously  determined. 

WakrnqiiinmeiU  of  plants  used  in  its  narrow  sense  is  die  amount  of  water 
consumed  fay  a  plant  during  its  period  of  growth  in  the  production  ol  a  unit 

weight  of  dry  matter.  It  is  evident,  therefore,  that  any  factor  which  affects 
transpiration  and  ai^y  factor  which  ailects  the  growth  of  plants  will  modify 
this  ratio.  Where  conditions  are  most  favorable  for  growth  the  water  require- 
ment is  Ukdy  to  give  the  lowest  vahie,  while  if  conditions  are  not  fsvoirafale 
for  growth,  even  though  the  transpuration  rate  be  relatively  low,  the  water 
requirement  will  still  be  high.  The  practical  value  of  this  measurement  in 
connection  with  the  production  of  cultivated  crops  has  led  to  a  large  number 
of  determinations  covering  many  of  the  more  important  crop  plants.  The 
vdative  consumption  ol  water  during  growth  and  the  effect  of  en^Nnmenlal 
conditions  on  the  water  requirement  are  less  easily  determined  than  the  effect 
of  environmental  conditions  on  transpiration,  since  not  only  do  the  conditions 
control  the  rate  of  transpiration,  but  also  affect  the  relative  rate  oi  growth  for 
production  of  dry  matter. 

Although  very  Bttle  work  hn  been  done  on  tiie  effect  of  insufficient  soil 
moisture  on  the  transpiration  of  plants,  a  great  mam  of  data  has  been 
accumulated  on  the  amount  of  moisture  in  the  soil  at  the  time  plants  wilt. 
Although  results  arc  somc%vhat  conflicting,  it  has  been  found  that  there  is  a 
relatively  detinile  percentage  of  soil  moisture  content,  beyond  which  the 
movement  of  moisture  in  the  soil  is  so  slow  as  to  make  it  practically  in^>ossible 
for  a  plant  to  supply  its  transpiration  demand  horn  the  mass  of  soil  thiou^ 
which  its  roots  ordinarily  extend.  Thht  moisture  content  has  been  referred 
to  as  the  wilting  coefficient. 

Many  papers  have  dealt  with  structure  and  morphological  investigations 
for  lessening  transpiration.    .Although  the  value  ol  transpiration  in  reducing 

the  tenq)erature  of  leaves  has  been  brou^  out  by  a  number  of  Investigaton, 

its  value  in  relation  to  the  nutrition  of  plants  lus  not  fully  been  admitted. 

The  ditliculty  of  getting  together  so  large  a  volume  of  English  literature, 
espt'cially  at  a  period  when  war  made  access  lo  literature  from  English 
speaking  countries  difficult  or  impossible,  must  have  been  very  great..  This 
wnrit  is  a  valuable  summaiy,  and  no  investigation  of  trsnspiration  »  f easiUe 
widiottt  first  consulting  it.  It  is  impossible  to  bring  into  the  work  aU  of  the 
material  contained  in  the  original  p<apers,  and  these  should  always  be  consulted. 
A  careful  perunal  of  this  wtirk  shows  clearly  that  there  is  not  a  single  line  of 
investigation  at  the  present  time  which  does  not  afford  a  good  starting  point 
for  further  iesearch.--H.  L.  Soastm* 
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Lake  Maxinkuckee 

The  Department  of  Conservation  of  the  stati-  of  Iiifliana  has  recently  pub- 
lished a  remarkable  monograph  on  Lake  Maxinkuckee,  a  ph>'sical  and  geologi- 
cal survey  by  Evekicann  and  Cuuuc.*  Lake  Maxlnkudiee  is  a  small  gladal 
lake  similar  to  thousands  of  other  lakes  in  the  northern  Mississippi  Vall^ 
states,  and  because  of  this  similarity  any  study  of  Lake  Maxinkiirki-c  or 
conclusions  drawn  thtrLfrom  would  be  typical  of  other  lakes  in  this  n-Kion. 
The  work  was  begun  and  chiedy  fiiumccd  by  a  bureau  of  the  United  States 
government,  now  Itnomi  as  tiie  Bureau  of  Fisheries.  There  is  a  genersl  fed- 
hig  of  surptise  and  dbappdntment  that  the  results  woe  not  published  by  the 
United  States  government  The  Department  of  Conservation  of  Indiana, 
however,  is  to  he  con^rratulated,  not  only  for  the  excellent  manner  in  which 
the  monograph  is  published,  but  also  for  having  saved  it  from  the  shelves  of 
discarded  nuuiufcr^ts.  The  monograph  It  more  than  a  sunple  study  of  the 
lake,  for  it  treats  of  the  anunal  and  plant  life  of  the  lake,  as  well  as  the  physical 
surroundings  and  the  life  around  it  and  in  the  air  above  it.  It  gives  a  vivid 
presentation  of  the  physical,  hydroprnphic,  and  meteorological  features  which 
belong  to  the  lake,  and  a  record  of  the  animal  and  vegetable  life  in  and  about  it. 

The  physial  conditions  discussed  relate  to  the  location,  altitude,  size, 
and  form  of  the  lake,  and  the  character  of  the  surroondhag  country.  A  list 
of  the  streams  which  feed  the  lake  is  given,  as  well  as  a  most  interesting  account 
of  the  ice  beach.  Under  hydrography  is  discussed  the  depth  of  the  lake,  the 
topography  and  character  of  its  ix>ttom,  with  special  discussion  of  certain 
deep  places,  its  level,  the  stage  of  water,  and  the  volume  of  outflow.  Under 
meteoroIoiDr  is  discussed  the  sky,  the  air,  the  pressure  and  tcn^pecatuxe,  the 
winds,  rain,  frost,  and  even  the  snow,  fog,  and  I  Then  follow  exhaustive 
table.*;  relating  to  the  water  temperature  and  the  condition  of  the  water  and 
the  formation  of  the  ice.  The  most  interesting  paragraph  in  this  chapter 
relates  to  the  turning  over  of  the  lake  each  fall.  Although  this  phenomenon 
was  not  actuaUy  observed,  it  was  shown  by  an  eUborate  series  of  soundings 
just  when  the  change  must  have  taken  place.  Kmph;isk,  however,  is  given 
to  the  biological  features,  to  which  two-thirds  of  the  first  volume  and  all  of 
the  second  are  devoted.  The  largest  part  of  the  biology  of  course  is  given 
to  the  fishes,  since  this  was  the  prinmry  object  of  the  investigation.  It 
fe  Stated  that  64  species  were  fotmd  in  Lake  Maxinkuckee.  These  are  all 
described  fully,  with  many  interesting  notes  on  thdr  habits  and  food  value, 
while  there  are  many  suggestions  about  angling.  Many  of  the  fishes  are 
illustrated  in  color.  Thirty  species  of  mammals  are  recorded,  and  there 
are  interesting  notes  about  all  of  them,  especially  the  two  species  of  wolves 
which  once  inhabited  this  part  of  Indiana,  and  the  disappearance  of  the  beaver 
and  porcupine  is  noted.  Much  attentiim  is  given  to  the  birds  and  especially 


*EvEKiLvxN,  B.  W.,  and  Clark,  U.  W.,  Lake  Maxinkuckee,  Vol.  t.  pp.  (60. 
.  pU.j6.  Vol.  2.  pp.  512.  1930. 
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to  the  water  fowl,  and  175  species  are  recorded.  Considerable  space  is  given 
to  insrrf  i  ;tnd  the  lower  ^nrms  nf  animal  lifis,  and  cspeciaUy  to  Ihoae  wbicfa  arc 
til  vaJuc  !  >  ilu  ti»h  iauna  of  the  lake. 

Tbc  Lfgcr  ixirt  ol  the  second  volume  is  devoted  to  the  flota  of  Lake  Maxiii- 
kttdbre  and  its  vidaity.  Thii  indudes  a  special  chapter  00  the  aquatic  flora 
and  its  uses,  and  a  chapter  on  the  algae,  of  which  76  species  are  ntioned. 
Thf  volume  i  -  (  >  w  iih  an  annotated  list  of  the  ferns,  fern  allies,  and  seed-bearing 
plants  found  m  ihr  lake  nnd  thf  Hurroundinp  basins,  of  which  S^S  sprries  are 
U&toi  The  arrangement  and  nomenclature  is  tltat  ot  the  second  edition  of 
BttTTuK  and  Bxown's  lUuslnhi  Flora,  The  remarks  about  the  various 
plant*  are  very  ffeadid>le,  while  some  of  the  observations  ave  quite  unique  and 
have  hcrt  rofur*.  been  unrecorded. 

Besides  the  scirntitH  value  of  the  monograph,  its  importnnt  c<iut  .ition.il 
v.ilue  *Hmr!«!  not  bt  (ivcrt(M)knl.  Dr.  Kvkrmaw,  the  si-niur  .luthor,  iilthouKh 
oow  a  wcU  known  scictu^^l,  was  origmaiiy  a  teacher  in  our  elementary  schools, 
and  the  edueational  importsaee  of  sdgptific  rcseaich  has  alw^fa  beeii  cmpha- 
liiedhyhim.  This  book  should  be  msde  a  most  hc^rful  guide  to  the  sdcnce 
teachers  in  our  high  schools  and  colleges  who  wi^  tO  do  fidd  WmIl  It  forms 
a  mo<lcl  for  the  study  of  thr  lake  nr  riM-r  v;i!lt  v  or  rvrn  the  pond  or  rrrrk  in 
tiif-'-  A",  n  locality.  If  iht-  ^c  it•^(  t•  U.it  hrrs  in  thi-  nim  l y-tv\r)  tountit  s  of 
Indiana  aiunc  sbould  use  it  with  their  classes  in  the  study  ot  local  problems,  a 
BUM  of  iafofmatioa  about  the  state  would  be  ecCTimuhited,  and  a  wondoful 
interest  in  nature  stu4sr  wouhl  be  devdoped.— J.  N.  Roes. 

NOTES  FOR  SriJDhNTS 

Tkxottomic  notes.-  VW  v;^^<  u!;ir  plants  L«jlle<.  led  by  the  Canadian  Arctic 
Lxpcdition  of  1913-18  on  the  An  tic  coast  west  of  the  tooth  meridian  have  bwn 
published  by  Macoun  and  Houi»«  the  letter  completing  the  detenminations 
afttf  the  death  of  BIaooun.  There  have  also  been  induded  three  other 
cnllertions  from  the  same  rci^on.  The  cmimcrstioB  hidudes  230  ipedei, 
Composifnr-  Iruludinp  Graminpaf  Rnniinrulareaf  to.  Cruciferae  and 
Saxifragatcac  each  i«,  etc.  1  he  l.l^^«■^t  K'  HH-'^  ri prot  ntot  i?  Saxifrn^a  vnth 
15  spt-cio,  followed  by  Carcx,  Saiix,  aiul  Ranuncultn  each  with  n  :^pccics. 

Some  IntcfCBting  oompeiisoos  are  made  with  the  flora  of  Greenlsnd  and  of  the 
»«*C  coast  of  Alaska. 

EvAMf  has  publidied  a  detailed  study  of  the  liverwort  genus  Rkcardia, 

*'«rfvn  known  rt*  Anfttr^i  "  as  it  Is  represent^  in  rhilo.  Ho  rrcopntzi'S  25 
*{jcctts,oi  which  3  iirt  new  and  17  new  combinations.  I  he  dc>triptioris  are 
ver>'  full,     that  the  presentation  is  morphological  as  well  as  toxonoauc. 

•  M4Cf»t*j<,  Jaum  M.,  and  Houi,  Tmmo.,  Report  of  the  Cenarfisn  Arctic  Eipedl- 
lipa  leij'tfi-  5: 1'art  \.  1-51.  pis.  tj.  lyji. 

*  r.ws-,.  A.  \V..  Ihc  fcnut  Rktardi*  bk  Chile.  Ttaas.  Cooo,  Acad.  Sd.  Sf  :93' 
<o«.  >p.  ij.  19a  t. 
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ScHLECHTER.s  in  monographing  the  tribe  Thismieae  of  Burmanniaceae. 
recognizes  ten  genera,  the  following  two  bong  new;  Satpkiopkora  and  Triuro- 
codon, 

Pekxhib,*  in  nuMMgn^luQC  the  Alriam  qwdcs  of  Pyamtaekys  (LabUitae)^ 
veoogniMS  33  ipedet,  8  of  which  are  new.  The  same  author  has  also  nxmo- 
graphed  the  African  species  of  Adiyro$ptnmm  (Lalaatac),  seoogniiiiig  12 

species,  3  of  which  arc  new. 

Bkown,'  ill  naming  a  coUeciion  of  plants  from  boulheastera  Congo, 
Rhodesia,  and  South  Africa,  has  described  30  new  Bpedes,  and  also  a  new 
genua  iAlislUus)  of  Leguminosae. 

DiELS,'  in  continuation  of  his  investigation  of  the  flora  of  Micronesia,  has 
published  the  tollowinK  faniiiies:  Myrtaceae,  Myreinaceae,  £laeocarpacea«, 
Asd^iadaceae,  Scrophulariaccac,  and  Gesneraceae. — ^J.  M.  C. 

Citrus  diseases  in  the  Orient. — The  study  of  citrus  diseases  in  the  Orient 
is  of  particular  interest  and  importance  since  most  of  our  cultivated  citrus 
fruits  undoubtedly  had  their  origin  in  this  region.  Rkinki.nu V  recent  paper 
Cheiefoce,  is  timely  and  inteccstiiig.  A  description  of  the  diseases,  a  dbcuaaion 
of  the  causal  otganisni,  and  suggestioiis  regarding  the  control  measures  proper 
for  each  is  given.  A  summary  showing  the  citrus  varieties  found  in  each  coun- 
try, with  the  disease?;  to  which  they  are  subjcrt,  is  given,  also  a  list  of  scale 
insects  and  fungi  parasitic  on  scales.  Fourteen  good  plates,  dcvuied  chieAy 
to  iUttStratiiig  citrus  canker  {PsetidemMas  etlri),  baifc  tot  {Diplodh),  and 
pink  dueiae  {jCo^dmm  uAmmuaior)  ooni|i1ete  the  article.  The  two  latter 
diseases,  occurring  in  the  Fhilq>pinc8  and  unknown  in  the  Unfted  States,  aie 
apparently  of  major  importance,  warranting  ever\'  preaiution  against  their 
spread  or  introduction  into  new  territory.  A  "  black  spot "  disease  occurring  in 
South  China,  of  unknown  cause,  is  also  regarded  as  serious. 

Particular  attention  is  given  to  the  degree  of  nisoeptibiU^  to  dtnis  canker 
shown  by  different  species,  hybrids,  and  relatives  of  dtnts  planted  out  at  Los 
Baflo«,  Philippine  Islands.  Obscn-ations  of  this  character  have  an  important 
bearing  on  the  selection  of  material  for  culture  in  regions  exposed  to  canker 


'ScnutcxBS,  R.y Die  Thismieae.  NotisUatt  Bot.  Gart  u.  Mus.  Berim-Dahkm. 
S:no.  It,  3<-4S< 

*  Perki.ns,  Jantt,  Die  afrikanischcn  Pycnoshu:kyS'Allbtn,  Nottzhlatt  Rot. 
Gart.  u.  Mus.  Bcrlin-Dahlem.  8:110.  71.  63-77.  1921;  Die  afrikanischen  Ackyrty- 
spermtm-AiUai,  INd. 

f  BaowM,  N.  B.,  New  plants  bwa  tropical  and  South  Abiea  collected  fay  Aak' 
deacon  F.  A.  Rogers.   Kcw  BuU.  1921  :no.  8.  289-301. 

*  Din  s,  T..,  Heitriigc  zur  Moia  von  Mikroncaicn  und  Polyneskn.  n.  Eaglcr's 
Bot.  Jahrb.  56:  5-'w-577.  1921. 

*  RiOMaxu,  Onu  A.,  Citrus  diseases  of  the  Philippines,  South  Climu,  iudo- 
Cbina,  and  Sism.  FhOippioe  Agriculturist  9:131-179.  19S1. 
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fatection.  Hylwids having  one  or  more  miittiit  pwentssbow  in  many  instaaow 

promi^ine  rf>isf:ince  The  discussion,  representing  as  it  does  some  forty 
diseases  and  pests  in  the  Philippines  and  nearly  an  equal  number  in  the  Asiatic 
countries  visited,  emphasizes  the  need  for  intensive  studies  of  plant  disea&es  in 
the  regknia  where  dMy  have  heen  kag  cstabUahed.— W.  T.  Swdvole. 

Stelar  morphology,— In  his  presidentin!  address  to  the  Rnvrd  Society  of 
Lduiuurgh,  Bower'<>  emphasizes  the  iniporunce  of  the  principle  ui  similitude 
(Gauubo)  in  Uie  hivest^atfon  ol  the  stdar  moiphology  of  the  higher  plaata. 
fie  axsuea  that,  hiasmuch  as  the  surface  of  an  orgiui  or  tissue  varies  oo^  as 
the  square  of  its  linear  dimensions,  but  the  bulk  as  the  cube,  the  larger  a  plant  is 
the  more  dependent  it  will  be  upon  its  form  and  detailed  structure,  not  only  for 
its  stability,  but  also  for  the  p^ormaace  of  iu>  functions  of  absorption  and 
tian^  olfiqpiids  and  gases.  This  will  apply  not  only  to  theotenal  suefiMe, 
but  ^flO  to  those  intemal  suifeoes  which  Ihnit  one  tissue  tnct  from  another. 
Upon  the  basis  of  this  premise,  he  concludes  that  in  the  ontogeny  and  phylogeny 
of  ferns  the  form  of  the  \-3scular  tissues  is  largely  dependent  upon  the  size  of 
the  plant  and  of  its  various  organs.  Thus,  as  the  fern  plant  and  its  foliar 
appendages  become  kuger,  the  simple  and  presumably  primitive  protostde 
tends  to  beoome  hivohited,  medullated  (sdenostdy),  or  dissected  into  sqianite 
strands  (polycycly,  perforation,  dictyostely). 

Bower's  correlations  between  size,  form,  and  function  are  ver\'  suggestive, 
and  deserve  careful  consideration,  particularly  by  students  of  the  phylogeny 
of  the  vascular  cryptogams.  It  must  be  admitted,  however,  that  there  is  a 
considerable  dement  of  uncertainty  in  interpreting  such  oorrdationa.  The 
fact  that  complex  structures  tend  to  occur  in  large  plants  does  not  prove  neoes> 
sarily  that  size  is  the  primary  factor  in  their  evolution,  iHhimgh  such  a  00n> 
elusion  appears  to  be  extremely  plausible. — ^I.  W.  Bailey. 

Deeean  vegetatten.— The  eookgical  problems  of  many  portions  of  bidia 

are  complicated  by  the  density  of  the  popuhttion  and  the  intensity  of  the 
grazing.  The  rainfall  of  27  inches  in  the  Decran  coming  during  the  months 
from  June  to  October,  preceded  by  a  very  hot  and  dry  period,  causes  the 
erosion  of  fields  denuded  of  v^ctation  by  drought  and  grazing.  In  such  a 
region  the  study  of  natural  vegetation  in  areas  protected  from  cattle  has  been 
begun  by  Burns  and  Chaksadbv"  as  a  prdiminaiy  to  work  on  the  improve- 
ment of  grazing  lands.  Permanent  qimdrats  were  esiabHshed  within  l)arl)cd 
wire  inclosures.  Nalivt-  grasses  such  as  Andropogoit  tnonlitola  and  hcilfnui 
laxum  apixrar  to  be  able  to  eslablbh  themselves  completely,  and  it  seems 


»  Bower,  F.  O.,  Siae,  a  ne^ected  factor  in  stdar  auxphologjr.  Pioc.  Boy. 

Soc  Edinburgh  41:1-25.  1931. 

"  BrKNs,  W.,  and  Cn  \kr  \ncv,  G.  M.,  An  ecokigkal  study  of  Dcccan  giasslaiid. 

Jour.  Indian  Bol.  2:^^4-91.  1921. 
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possible  that  a  more  mesophytic  grusfauid  may  be  the  dtmax,  with  the  lomta- 
tion  of  a  turf  resisting  erosion. 

Investigations  by  Uhxde"  during  one  ol  the  worst  droughts  on  record,  in 
i9i8-i9,havetalunlatoM»o«iitioiiieof  thepknttth^  mcoeialiil 
resistaiice  to  such  arid  oonditknui.  Sudi  not  oafy  add  to  our  knowkdie 
of  the  existing  vegetation,  but  furnish  material  for  improving eristing  economic 
conditions  in  a  region  where  grazing  in  of  fir^t  importance. 

The  anatomy  of  many  plants  of  the  arid  region  is  also  being  investigated 
by  Sabkis.**  The  restUts  of  such  efforts  are  certain  to  be  valuable  for  India 
and  interesting  to  botankts  daewhere.— G.  D.  Fuiuss. 

Tension  zone  between  forest  and  prairie.  I'ollowinp  an  earlier  study  by 
Weaver  and  Tioei.,  an  interesting  tension  zone  investigation  has  been  carried 
on  fay  Pooi^  Wbavbb,  and  Jsaii*«  in  eastern  Nebnaka.  Statknis  were  selected 
at  PerUt  near  the  Missouri  River,  and  at  Linoohl,  fSxty  mDcft  west  ol  Feni.  By 
means  of  quantitative  experinuntal  study,  striking  contrasts  between  these 
two  stations,  due  to  Ijoth  climatic  and  edaphic  factors,  were  brouKhl  to  liKht. 
Ihe  prairies  and  woodlands  near  Lincoln  arc  much  more  xerophytic  than 
those  near  Peru,  in  q>iie  ol  the  short  distances  involved  between  the  two 
places.  AvaiteUe  soil  moistute  dnrhig  the  tununer  of  1917  was  ediiaittted 
on  ei^teen  different  days  on  a  Lincoln  prairie  and  on  only  four  different  days 
on  a  comparable  Peru  prairie.  Many  mesophytic  woodland  species  pas5  out  in 
traversing  the  area  between  these  two  places.  Ihe  high  saturation  delkit 
and  the  low  aoO  oooiiture  content  <rf  the  prairie  sites  in  eastern  NebndEa 
comtitiite  hanrien  over  which  foiest  trees  can  scaicely  pass.  The  authoia 
feel  that  herein  is  the  most  ready  explanation  for  the  confinement  of  Nebraska 
woodland.s  to  the  moist  slopes  of  narrow  valleys  and  for  the  peneral  treelcssne^s 
of  prairies.  In  the  order  of  increasing  inesophytism,  tiie  forests  about  i'eru 
are  as  follows:  bur  oak-yellow  oak,  black  oak-hickory,  red  oak,  linden-ironwood, 
while  the  oonunon  forest  type  about  Lincoln  is  that  of  the  bur  oak-hickoiy.— 
H.  C.  CowLss. 

Composition  of  plants  as  affected  by  nutritive  elements. — Growing  the 
oat  plant  in  analyaed  quartz  sand,  Dicksom'*  has  made  a  ftvdy  of  the  effects 
of  a  deficiency  of  certam  nutrient  elements  on  the  cdctum  and  phoephoms 


"  Bdu>e,  R.  K.,  Drought  resisting  plants  in  the  Deccan.   Jour.  Indian  Bot  a: 

27-43.  1921. 

*>SABinB,  T.  S.,  The  phyiiolagical  anatomy  of  the  plants  of  Ihe  Indian  dcMit. 
Jour,  bidian  Bot.  a:x-i9, 61-79, 93~ii5>  >9<>* 

"  Pool,  R.  J.,  Weaver,  J.  K..  nnrl  Jean,  F.  C,  Further  studii  s  in  the  ecotuoe 
between  prairie  and  woodland.    Univ.  Xehraska  StuHirs  18:1  47.  up.  ij.  1918. 

«  Dickson,  J.  G.,  The  relation  of  certain  nutritive  elements  to  the  composition  of 
the  oat  plant.  Amer.  Jour.  Bot.  •: 356-274.  /ff.  a.  1921. 
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content  of  the  plant.  The  elements,  the  amount  of  which  present  in  the  nu- 
trient solutions  was  varied,  were  calcium,  magnesium,  potassium,  phosphorus, 
and  nitrogen.  The  plan  was  to  reduce  the  amount  of  these  elements  present 
to  the  lowest  concentration  that  would  allow  the  produetioti  of  grain.  This 
cancentxation  would  be  below  that  required  for  the  nannal  deN  cloi^ment  of  the 
plant,  and  it  was  thought  that  in  such  conditions  the  effect  of  the  elements  on 
the  composition  of  the  plant  would  be  more  strikingly  l)rought  out.  .^side 
from  the  greatly  reduced  calcium  or  phosphorus  content,  when  the  amount 
of  these  dements  m  the  vespective  nutrient  sohitions  was  teduced,  the  most 
striking  lesults  obtained  were  the  low  calcium  content  of  the  planu  of  the  low 
phosphorus  scries  and  the  low  nitrogen  scries,  and  the  hijjh  phosphorus  content 
of  the  plants  of  the  low  calcium  series  and  the  low  nitrogen  scries,  Pota^um 
and  magnesium  seemed  to  have  little  etlect  on  the  calcium  and  phosphorus 
content  of  the  plant.  CUmatkfactora,  on  the  other  hand,  were  shown  to  have 
a  decided  effect  on  the  conpositkm  of  the  i^t.  A  good  bibUognphy  is 
added.— S.  V.  Eaton. 

Alkali  soils. — The  hardening  of  irrigated  land  has  been  studied  by  Scx)field 
and  Hbadlby,<*  who  conclude  that  neutral  salts  of  sodium  as  well  as  the 

carbonate,  "black  alkali,"  may  produce  hardening  of  the  clay  component  of 
soils.  The  results  are  about  the  same,  whether  sodium-containing  water  is 
uscfl  on  good  soils,  or  whether  pure  water  is  uscfl  on  salty  soils;  in  either  case 
the  soil  wili  harden  seriously  on  drying,  and  become  somewhat  impervious 
to  water.  The  theoiy  advanced  to  eiplain  the  action  of  sodium  on  day  is 
d«t  die  sodium  replaces  other  bases  on  the  surface  of  theparticles«  and  becomea 
in  part  sodium  silicate.  This  hydrogel  coating  increases  the  effective  size 
of  each  particle,  reduces  the  porosity  of  the  soi',  and  greatly  retards  water  perco- 
lation through  it  On  drying,  the  colloidal  gel  cements  the  particles  together, 
whence  the  hardness  of  tlMSe  soils.  K  enough  caldmn  or  ahimfninm  b  present, 
however,  the  haimful  actim  <rf  sodium  is  obvkted.  When  iirigatton  water 
contains  more  Na  and  K  together  than  Ca  and  Mg,  it  is  likely  to  cause  harden- 
ing. The  Colorado  River  and  its  lower  tributaries  contain  too  much  of  the 
hardening  salts.  The  authors  think  injury  to  irrigated  land  may  be  avoided 
fay  treatment  of  irrigation  water  or  land  with  soluble  caktum  or  aluminium 
salts.— C.  A.  Sbuix. 

Nitrogen  fixation  by  green  plants. — Wann"  presents  some  interesting 
results  of  experiments  showing  that  memberB  of  the  Chlorophyceae  can  utilize 
the  ttnoombined  nitrogen  of  the  atmosphere.  Seven  qtedes  exhibited  this 


*  Scorifxo,  C.  S.,  and  Hr  adlkv,  F.  B.,  Quality  of  irrigation  water  in  relation  to 
land  reclamation.   Jo«r.  .Vkhc.  Kcs.  ai:36i;-j78. 

•»  Wann,  V.  B.,  The  tixalion  oi  iretr  iiitrogcu  by  green  plants.    .Amer.  Jour.  hot. 
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powpT  when  grown  on  nilncml  nutrient  agar  containing  a  nitrate  and  glucose. 
There  was  no  lixation  when  nitrogen  was  supplied  in  the  organic  form,  and 
with  a  nitrate  present  but  no  carbohydrate,  the  amount  of  fixation  was  not 
naikcd  enoui^  to  be  ooodu^.  Thete  Memed  to  be  tome  fimtioa  la  the 
letter  ceee,  the  lesser  anidimtbraiK  due,  pcriu4}8,  to  the  noididecneeedgioirth 
where  the  carbohydrate  was  omitted.  One  spedes  seemed  to  have  the  power  of 
denitritication  ns  wHI  as  nitrogen  fixation.  The  amount  of  nitrogen  fixed  by 
the  algal  species  used  compared  favorably  with  the  amount  recorded  by  other 
iBvcetfsitoii  tt  filed  by  the  nittofeii  fisiiK  faeidetie.  Thit  luiulbi  leeoided 
b  this  paper  are  oontniy  to  the  generally  accepted  view  at  to  the  ability  of 
grttii  plants  to  make  use  of  free  nitrogen.  The  possibility  of  green  plants 
poese— ing  this  power  of  nitrogen  fixation,  however,  is  of  such  great  interest 
both  scientifically  and  economically  that  the  work  of  Wann  should  be  the 
stimulus  for  much  more  work  along  this  same  line. — S.  V.  Eaton. 

Vtriation  in  stomata  and  hydathodes. — In  a  study  of  the  number  of 
sloniata  per  sq.  mm.  upon  leaves  of  Campanula  rotmulijdia  borne  upon 
different  parts  of  the  same  plant  and  upon  the  leaves  of  plants  grown  under 
<Ufferent  oonditkms  of  hebitat,  Miae  Rsa"*  found  eome  interesthig  vwiatioas. 
In  general  there  was  en  Increase  in  number  ftom  the  lower  to  the  higher  podtioik 
of  the  leaf  upon  the  shoot,  and  an  increase  with  conditions  of  inrre  i<:ng  dr>'ness. 
Such  increase  was  least  upon  the  under  surface  of  leaves  on  ditierent  portions  of 
the  stem  of  the  same  plant.    It  is  suggested  that  the  increased  number  upon 

aun  shoots  oompered  with  those  devdoped  in  the  shade  is  due  to  hicrsMed 
photosynthesis,  althou^  no  aiusal  connection  is  established.   It  would  be 

desirable  to  know  the  connection  between  the  size  of  the  epidermal  cells  and 
the  number  of  stomata,  but  this  information  is  not  jrivrn  (iroups  of  h^-da- 
thodes  were  found  on  the  upper  suriaccs  of  all  leaves  cjcainined,  the  number 
per  leaf  decreasing  from  the  blue  to  the  apex  of  the  shoots. — G.  D.  Fvixeb. 

Water  relations  of  Plnus  and  Leucaderrdron.  -Following  metho^is  deWsetl 
by  Fa&M£&,  the  water  conducting  power  of  the  wood  of  Finus  ^muler  and 
LatcadendroHorgentetm  has  been  measured  by  Aitkek,**  and  a  compaiisoa 
instituted  between  tnnaiiiintioB  and  the  nte  of  water  transmission.  The 

rate  of  transpiration  was  higher  in  Pinus,  both  per  twig  and  per  unit  area,  than 
in  Lrucadcvdron .  as  was  also  the  ratio  of  irinspi ration  to  transmission.  From 
the  data  obtained  it  would  seem  that  the  wood  of  Finus  is  capable  of  trans- 
mitthig  a  limited  amount  of  water  which  it  utiliaes  widi  a  very  small  noargiu 
of  turplua.— G.  0.  Fullbk. 


'•Rfa,  Maroarf.t  W.,  Slomat.T  and  hydathodcs  in  Campanula  rotu$idif«ii* 
L.,  and  their  rcUlion  ly  cuvituiuuciil.    New  i'liytul.  20:56-72.  figs.  6.  igai. 

**  .\iTKE.N,  R.  D.,  The  water  relations  of  the  pine  {Pinus  pinaster)  and  the  silver 
tree  {Leueaitnifom  vgaUam),  Tnes.  Roy.  See.  So.  Afiica  10:5-19.  1931. 
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DEV£LUPMENTAL  SELECTION  IN  VASCULAR  PLANTS' 

JOHM  T.  BUCHHOLS 

(with  twenty-eight  figttxes) 

In  the  nttmeroiis  explaoations  and  discusato&s  of  natuial 
setecdoo  in  theOnjM»  ^  ipuUs  and  since  the  time  of  Dakwik,  the 
process  of  competition  lias  usually  been  regarded  as  taldng  place  in 
the  external  environment.  In  strildng  oontrast  with  this,  devel- 
opmental selection  is  characterised  by  the  fact  that  it  occurs 
between  veiy  minute  or  embryonic  individuals  whose  struggle  is 
limited  to  what  might  be  termed  an  internal  oivironment.  It  is 
well  illustrated  by  the  selection  resulting  from  the  polyembryony 
within  the  developing  seeds  of  conifers  and  cycads,  the  embryonic 
selection  in  this  case  being  a  special  form  of  developmental  selection. 
The  embr\*os  of  the  latter  are  wholly  surrounded  by  organic  tissue; 
they  are  entirely  inclosed  within  the  ovule  of  the  j^arent  plant. 
Kqui\alent  forms  of  developmental  selection  are  found  in  ferns  as 
well  as  in  angiosperms.  and  it  is  intendeii  t  >  discuss  brieliy  these 
internal  selective  processes  in  their  relation  Lo  organic  evolution. 

Developmental  selecljun  is  not  to  be  confused  wiLli  any  of  the 
older  well  known  theories  involving  internal  forms  of  selection. 
WEl.s^^A^^"'s  germinal  selection  is  described  as  an  iiiLeiual  process, 
but  this  is  a  supposed  struggle  between  biophores  within  the  germ 
cefls;  it  is  not  even  a  competition  between  individual  cells,  and 
can  be  imagined  only.   It  is  based  on  a  speculative  hypothesis 

*  Pitseoted  before  the  Botanical  Society  of  America,  Chicago,  JJecember  29, 1930. 
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entirely  incapable  of  experimental  proof.  Likewise  Rovx's  theory 
ol  intra-fidectum  or  the  battle  of  the  parts,  a  supposed  struggle 
between  the  various  oigans  of  the  body  of  a  developing  individual, 
is  not  a  struggle  between  different  individuals,  but  only  between 
differentiating  tissues  and  organs.  Developmental  selection,  on 
the  other  hand,  occurs  between  definite  individuals  which  may 
be  iihicellular  or  multicellular,  but  the  process  is  not  intracellular. 
This  can  easily  be  dcmon~1  rated  and  is  capable  of  being  subjected 
to  observation  and  expcrinienlal  study. 

The  several  isolation  theories,  as  well  as  the  other  tlieories  of 
species  forming  auxiliary  to  natural  selection,  have  negleclcd  any 
significant  allusion  to  the  type  of  illustrative  material  discusse<l  in 
this  paper.  Dexclopmental  selection  is  different  also  from  tlie 
theories  of  sexual  isolation,  physiological  selection,  or  mechanical 
selection. 

A  definite  r61e  is  not  to  be  denied  for  natural  selectic»i,  but  it  is 
not  the  only  selective  process.  In  developmental  selection,  we 
have  a  supplementaiy  form  of  selection  wlildi  oocuis'  at  other 
times  during  the  lifie  cyde,  one  whidi  meets  some  of  the  most 
serious  objections  which  have  been  raised  against  natural  selection. 
It  is  capable  of  playing  on  mutations  as  well  as  other  forms  of  varia- 
tion, bringing  about  definite  results  in  evolution.  la  fact,  a  real 
apedes  forming  r^  may  be  claimed  for  developmental  selection, 
if  we  grant  that  sudi  a  rdle  is  to  be  found  in  any  selective  process. 
During  the  ontogeny  of  higher  plants,  therefore,  there  are  a  numbeir 
of  stages  in  the  life  (^de  when  a  definite  competitive  selection 
between  individuals  occurs.  In  addition  to  natural  adection, 
there  is  also  this  definite  struggle  between  supernumerary  gameto* 
phytes,  when  these  are  dependent  on  sporophytes.  between  super- 
numerary embryos  as  found  in  the  polyembr}'ony  of  gymnc^MSnns 
and  most  ferns,  or  betwcx'n  excessive  numbe-'s  of  gametes. 

Tn  plants,  natural  selection,  as  it  is  ordniarily  understood, 
occurs  ill  the  enxironment,  when  seeds  or  spores  germinate  in  or 
on  the  soil,  or  when  ve^^etative  (jrgans.  such  as  roots,  rhizomes, 
stolons,  etc.,  from  several  neighboring  plants  of  similar  or  different 
species  give  rise  to  new  individuals  in  a  crowdeil  -  land  and  in  close 
competition.  For  animals,  natural  selection  is  usuall}  understood 
to  begin  at  birth»  or  when  the  young  first  come  into  contact  with 
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the  external  environment.  That  a  selectkm  may  occur  dtuing  the 
earliest  developmental  stages  of  an  individaal,  for  instance,  during 


3  2         5  6 

Ftes.  1-6. — Embryos  of  Pinits  Banksiana  showing  embryonic  selection:  fig.  i, 
two  neighboring  archegonia  giving  rise  to  embryos;  fig.  2,  system  of  eight  embryos 
and  tiieir  suspenson  (5,  e)  derived  from  single  zygote  by  cleavage  (rosette  embryos  [r] 
still  unicellular,  but  shown  in  later  stages  in  figs.  4-6);  fig.  3,  two  embryo  systems 
produced  by  fertilization  of  two  neighboring  archegonia,  with  sixteen  embr>'os,  eight 
primary  embiyw  (bdow),  and  eight  rosette  embryos  (alwve),  participating  in  the 
competition. 

the  embryolog>'  or  during  the  i)rocesses  of  seed  development,  is 
an  idea  that  apparently  has  not  be^  considered  seriously  by 
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Students  of  biology,  judging  from  the  general  neglect  of  the  subject 
of  poly^bn  ony  in  the  literature  of  organic  evolution.  Many  ol 
the  important  facts  oonoemed  in  the  process  of  embryonic  selection 
in  gymnoqiemis,  as  the  polyembryony  of  conifers  and  cycads, 
which  have  not  been  linked  up  with  evohitionaiy  doctnne,  have 
been  known  to  science  for  nearly  a  r  entury. 

Besides  being  entirely  inclosed  within  the  tissues  of  the  parent 
plant,  developmental  selection  is  characterised  by  being  intra^e- 
cific  or  reflexive*  It  is  always  a  definite  competition  between  simi- 
lar  individuals;  usually  it  is  between  those  of  a  single  fraternity. 

Struggle  against  unfavorable   envizoimie&t  of 

phj'sical  siirroundings. 
Struggle   against  other  qpedes;  extcaipeci^ 
competition. 

Struggle  against  fdlows;  tntnapedfic  oonipetitioii. 


Sdectioa  between  vegetativi^  brandling  parts  of 

either  the  gametophyte  or  sporophyte;  buds 
and  branches  of  trees,  which  later  |pve  rite  to 
rejuoductivc  parts. 


InterovuJar  selection,  Ik t  ween  ovules  within  same 
ovary:  (i)  after  lertilization,  largely  due  to 
activities  of  oontalned  embryos;  (a)  befoie 
fertilization,  due  la  part  to  activities  of  ooii> 
tained  female  gametophyte^  megipotcs,  or 

archesporial  cells, 
ilmbryonic  sdecLioa.  between  embryos  wtltua  the 
same  ovule,  or  within  tissues  of  parent  gameto> 
phyte. 

Gamctophytic  selection:  (i)  between  male  gamete- 
phytcs,  such  as  pollen  tubes  within  c&rpellary 
and  nurellar  tissue;  {2)  hetweeu  female 
gametophytes  within  the  same  ovule. 
Gametic  selection:  (i)  between  male  gametes  or 
sperms;  (a)  between  fonale  gametes  or  eggk 

AltJiough  it  is  realized  that  in  many  instances  this  (ie\ clopmental 
process  is  influenced  by  external  conditions,  it  is  clear  at  least  that 
the  intluence  of  these  environmental  condiiioris  is  very  indirect, 
and  that  the  highly  complex  external  environment  does  not  exert 


Natukal  selection 


in  atamil  phyital 

.Tni!  tjinlopkal  rnvifonmcnt  of 
organiam,  where  conditions  of 
itnvtry 


Developmental  sELEmoM 

OkuiiIbs   dwfae  cBilir 

embryonic  or  gsmetophytic 
stjif>es  within  ti.ssucs  of 
parent  plant,  under  condi- 
tips*  uniform  for  cofnpetiac 
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a  differential  effect  on  the  oompeting  individuals.  The  foregoing 
outline  is  suggestive  of  the  general  relation  of  the  several  forms  of 
developmental  selection  to  the  genecal  process  of  natural  selection. 

Developmental  selection  expresses  itself  in  some  form  or  other 
in  the  sexual  reproductive  cycle  of  practically  all  va';rii!ar  plants. 
It  is  probably  also  involved  in  the  life  cycle  of  most  of  the  crj^pto- 
gamic  forms,  and  is  a  factor  to  be  reckoned  with  among  animals  as 
wdl.  The  main  purpose  in  this  discussion  is  to  describe  in  a  general 
way  the  various  expressions  of  the  principle  of  developmental 
selection  as  it  applies  to  vascular  plants. 

The  oidmary  details  of  conifer  embnogeny  have  been  described 
(ii)  and  may  be  assumed  to  be  fairly  well  understood  by  botanists. 
It  is  generally  known  that  in  cycads  or  in  such  conifers  as  the  spruce, 
for  example,  there  are  several  embiyos  that  engage  in  an  intense  life 
and  death  competition  during  their  development.  Only  one 
embryo  reaches  its  full  term  of  growth  to  become  the  seed  embryo, 
while  the  weaker  individuals  are  aborted  in  the  earlier  stages. 
Only  in  extremely  rare  cases  may  two  embiyos  be  matured  together 
In  the  conifer  seed.  In  Gtiiifc^  this  happens  rather  more  frequently, 
about  a  per  cent  <ji  the  seeds  having  been  found  with  equally 
developed  "twin"  embryos  (13).  Even  if  several  embryos  should 
occur  within  the  same  testa,  as  in  citrus  seeds  and  several  other 
angiosperms,  these  must  necessarily  come  up  so  close  together 
that  a  close  competition  between  them  will  be  inevitable  after  the 
seeds  germinate.  This  competition  which  occurs  after  seeds 
germinate  in  the  soil  is  environmental,  however,  and  belongs  to 
the  categories  of  natural  selection,  where  it  remains  as  an  intense 
intraspecific  form  of  natural  selection. 

\^Ticn  p{)llination  is  successful  enough  to  provide  a  plurality  of 
male  gameto|>hvtes.  making  [X)lycmbryony  possible,  practically  all 
gymnosperms  possess  the  feature  of  embryonic  selection.  Here  the 
female  gametophyte  tissue  is  well  formed  before  the  embryos 
begin  to  develop,  is  somewhat  lirm  and  resistant,  and  it  is  only  by 
a  vigorous  growth  and  rapid  suspensor  elongation,  together  with 
an  abundant  secretion  of  digestive  ferments,  that  the  successful 
embryo  matures  at  the  expense  of  its  fellows  and  brings  about  their 
destruction.  In  angiospenns  the  endoqierm  within  which  the 
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embryo  develops  is  much  later  ia  its  origin,  and  is  usually  very  soft 
and  gelatinous  in  these  early  stages.  This  and  the  reduced  sus> 
pensor  of  angiospenas  may  largdy  account  for  the  fact  that  angio- 
sperm  polyembryony  do^  not  usually  result  in  the  d^nite  selection 

of  a  single  embr\'o  before  the  «.eecl  is  shed. 

Brown  (i).  who  disco\ered  polyembryony.  pointed  out  that 
plurality  of  archegonia  makes  possible  the  fact  of  polyembryony 
among  both  cycads  and  conifers,  it  has  been  found  also  (5,  35) 
that  in  some  conifers  the  zygote  may  undergo  cleavage,  resulting 
in  several  \  oung  embr)'os  which  comju  u-  with  each  other.  Thus 
the  fertilizaliun  of  only  one  egg  in  J^iniis,  foi  example,  results  in 
the  formation  of  eight  embryos  b}'  cleavage  (cleavage  poly- 
embryony), only  one  of  which  survives  and  completes  its  term  of 
devdopmcnt  (figs.  1-6).  In  otlier  conifers,  as  in  the  spruce,  the 
egg  gives  rise  to  only  one  embryo,  but  in  any  event  the  plurality  of 
eggs  makes  possible  simple  polyembryony,  in  which  a  selection  of 
embryos  occurs. 

A  scheme  of  phylogeny,  based  m  part  on  the  character  of 
polyembryony,  whether  simple  or  by  cleavage,  has  been  outlined 
in  previoas  papers  ($,  6).  All  the  facts  at  hand  seem  to  indicate 
that  practically  all  conifers  whidi  do  not  possess  cleavage  poly- 
embryony show  structural  evidence  of  having  passed  through  this 
condition  in  their  phylogeny.  This  indicates  that  either  cleavage 
polyembr}'ony  originated  among  ferns  or  it  originated  during  the 
transition  to  the  seed  habit.  All  evidence  is  in  favor  of  the  latter 
alternative,  and  a  definite  hypothesis  to  account  for  the  oricin  of 
cleavage  polyembryony  will  be  outlined  in  a  later  paper.  In 
general.  clca\  agc  polyembryony  is  well  developed  among  the  more 
primitive  conifers,  and  was  eliminated  sooner  or  later  in  all  but  one 
or  two  phyletic  lines.  Whether  cycads  passed  through  a  similar 
stage  of  cleavage  polyembr>'ony  is  very  uncertain.  Nothing  in 
theenibryogcny  of  cycads  thus  far  di'scribed  appears  to  suggest  this, 
but  Uieir  simple  polyembr}  on>-  is  doubtless  of  the  same  fern  origin 
as  that  of  conifers,  that  is,  plurality  of  arch^onia  in  the  ferns 
from  ^di  cycads  wete  derived. 

Embryonic  selection,  either  through  cleavage  polyembryony, 
plurality  of  arch^onia,  or  a  combination  of  both,  is  practically 
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muvenal  among  gymnospenns^  and  its  chaiacter  or  type  is  of 
GtHiaidenLble  importanGe  in  a  study  of  phytogeny.  For  the  origin 
of  simple  poh  embryony,  we  must  turn  to  a  study  of  ptmdophytes, 
as  it  is  very  evid»t  that  the  plurality  of  archegonia  in  gymnosperm 
gametophytes  was  derived  from  a  similar  plurality  among  their 
pteridophyte  ancestocs. 

Embryonic  selection  among  pteridophytes 

Many  li\4ng  pteridophytes  have  simple  iwh'cmbryony.  that  is,  a 
plurality  of  young  sporophyt^  growing  on  a  single  gametophyte. 
Whenever  the  number  of  these  sporophytes  greatly  exceeds  the 
abiUty  of  the  gametophyte  to  nourish  all  of  them  through  their 
period  of  embryonic  de\  elopment,  so  that  some  of  theni  are  starved 
out  in  their  early  stages,  a  selection  must  occur  among  them. 
If  this  selection  takes  place  in  the  earliest  stages,  before  these  young 
sporophytes  are  exposed  to  the  external  environment  and  become 
indqiendent,  we  have  embiyonic  sdection  as  truly  as  that  found 
in  gymnospenns.  When  tl^  several  embrsros  in  this  competition 
are  Ihe  result  of  a  simultaneous  fertilisation^  this  embryonic  selec- 
tion has  all  of  the  advantages^  as  a  measure  of  merit,  that  may  be 
found  in  the  gymnosperm  pdyembrj^y,  and  will  be  certain  to 
result  in  the  survival  of  the  embryos  that  are  strongest  and  most 
vigorous  as  determined  by  their  actual  perfonnance.  The  facts 
that  are  definitely  known  concerning  poK  embryony  and  embryonic 
selection  in  various  groups  of  pteridophytes  may  be  considered 
as  follows. 

Lycopodiai.ks.  Tha  occurrence  of  several  embryos  per  gameto- 
phyte in  Lycopodium  was  delinitely  reported  and  shown  by  Bruch- 
MANN  (3).  Figs.  7-9  definitely  show  this  plurality  of  embr^'os. 
These  embryos  do  not  all  mature,  but  some  of  them  remain  in  an 
arrestee]  but  viable  condition  for  a  considerable  period,  and  are 
able  to  resume  their  growth  if  the  larger  sporophytes  are  injured 
b}  drought  or  otherwise.  The  smaller  embr\  os  probabl)-  fall  into 
two  groups,  those  which  owe  their  origin  to  a  fertilization  simulta- 
neous with  that  forming  the  succ^sful  embryo,  and  those  which 
ori^ate  by  a  subsequent  fertilisation.  It  is  very  evident  that  the 
conditions  for  fertiliaition,  even  in  these  subterranean  gameto- 
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phytcs,  are  not  continuous,  but  only  occasional  in  occurrence. 
There  is  nothing  that  would  hinder  the  fertilization  of  several  or  all 
of  the  archegonia  which  open  on  any  occasion  when  fertilization 

takes  place.  A  competition  for  food,  together  with  a  difference 
in  the  growth  vigor  of  the  embryos,  probably  determines  which 
of  several  zygotes  shall  become  the  successful  sporophyte.  Some 
of  the  unsuccessful  embryos  doubtless  abort  and  collapse  in  very 
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Figs.  7-12. — Fig.  7,  gamelophytc  giving  rise  to  several  young  sporophytes 
of  Lycepodium  aimoHnmm,X3;  figs.  8,  9,  gametophytes  of  LycopoHtm  tiamhm, 
awh  with  four  enibr>'os  (r,,  r„  e^,  after  Bruchmaxn  (3);  fig.  10,  MCtkm  of 
gunetophyte  of  Tnu  si  pirn's  showing'  two  neightx)rinj;  embr>-os,Xi5o;  fig.  1 1,  pameto- 
fbyte  of  Lycopodium  wlubUe  bearing  three  sporophytes, Xsi  tig.  12,  same  with  two 
vciy  young  i^orojpliyta  cmaging^XS;  figs.  10  And  ti  offer  Holloway  (ai,  04); 
fig.  19  ofter  CgAMwratAiK  (so). 

early  stages,  .soon  becoming  unrecognizable;  while  according  tO 
Bruchm.Wn's  accounts,  confirmed  by  subsecjuent  observers,  many 
of  them  remain  in  an  arrestwl  but  viable  condition  for  some  time. 
These  may  doubtless  be  added  to  b\-  subsequent  fertilization  of 
still  other  archegonia.  It  appears  that  among  some  Lycopodium 
spedes  with  large  gametophytes  several  full  fledged  sporophytes 
xnay  be  produced* 
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Cbakbeklain's  (10)  description  of  several  New  Zealand  Lyeo- 
podium  gametophytes  includes  two  instances  among  his  figures 
showing  a  plurality  of  young  sp>orophyte5.  HLs  Agure  of  L.  laterale 
shows  one  sporophyte  with  protocorm  and  two  protophylls.  while 
a  second  embn-d  of  much  smaller  size  has  just  broken  through 
the  gametophxlic  tissue.  L.  volubile  (tig.  12)  is  also  -^hnwn  with 
two  young  sporoph\  tps,  one  nearly  twice  the  size  of  the  other. 

HOLLOWAY  (23,  24  )  has  made  an  extensive  study  of  New  Zealand 
Lycopodium  and  Tmcsiplcris  ganieU){)hytes.  and  has  (icscribed  a 
number  ol  them.  Ttmsipteris  has  pols  cmbryony,  it  is  figured 
twice  with  two  very  young  embryos,  one  of  which  is  reproduced 
in  lig.  10,  and  Lycopodium  species  are  frequent!)-  shown  witli  several 
^rophytes  per  gametophyte  (fig.  11).  From  Holloway's  letter, 
received  in  reply  to  an  inquiry  as  to  the  occurrenoe  of  polyembryony 
among  the  New  Zealand  spedes  of  Lycopodium  and  Tmesipkris, 
the  following  paragraphs  summing  up  these  facts  are  taken: 

I  have  examined  a  large  number  of  prothaili  of  Tmesiptaris  (most  of  them 
estcfnaily  only),  and  have  observed  that  not  •  few  (I  cannot  say  how  many) 
bore  two  and  even  three  wdl  grown  young  plants  on  the  same  piothallus. 

Thc-sc  plantlets  were  developing  healthily,  and  presumab^  would  all  contiiiut- 
ti)  do  so  as  tho  [)roth;il!us  decayed  away.    Probably,  of  course,  the  time  would 

then  come  whcji  they  would  begin  to  crowd  each  other  out  In  the 

prothaili  which  I  sectioned,  I  found  two  instance  in  which  two  archegouia 
side  by  side  had  i>een  fertiUsed  and  were  oootimiing  tlieir  development*  On 
one  of  these  prothaili  there  was  also  the  zemains  of  the  foot  of  an  older  plantkt. 

No  other  enibn'os  were  to  be  seen  on  these  prothaili  .'\g:iiti.  there  were 

several  instanc&i  found  in  which  two  young  embryos  (more  advanct-d  than  those 
mentioned  in  the  la:»t  paragraph)  were  developing  side  by  side,  no  more  embr>'os 
being  pKsent  on  these  prothaili. 

The  piotfiallllS  of  Tmcsipteris  is  of  COmparativdy  large  size,  and  archegonla 
nre  present  on  most  parts  of  it  in  grent  numher?.  so  that  the  t  xaniin  it  ion  of 
more  prothalh'  in  section  should  show  that  this  form  of  !M>lvc'ml>r\oiiy  is  by 
iio  mcani*  uncununon.    Also  I  have  noticed  that  the  prothailus  can  cx>ntinue 

growing  tn  rise  after  a  plantlet  has  beeome  detached  fiom  it  I  have 

examined  a  large  number  of  prothaili  of  eadi  of  tiie  folloiring  New  Zealand 
species  of  Ly<  opodlum.  both  cxtemally  and  in  serial  srrtions:  L.  ccrnuum, 
L.  laicrah-.  L.  riimulostnu.  L  BUhirdiiri.  /,.  Bilhirdirr:  tj^ranlr.  v^trium, 
L.  wiuttiie,  L.  JasiigiiUum,  L.  scariosutn.    1  can  give  the  toliowing  tacts:  1  he 

pralhaBi  of  the  fint  named  three  {L»  mmmm^  L.  lakrokf  L,  ramnhnm)  ate 
oompantivcly  small  and  ihort^ved.  I  have  never  observed  on  any  of  them 
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more  than  one  j'oung  plant  or  embr\'o  in  fertilized  archegonium.  The  pro- 
thaiii  of  the  next  named  three  iL.  BiUardkri,  L.  BiUardkri  gracUc,  L.  varium) 
Are  <rf  the  mudk  branched  epiphytic  type,  with  a  comparatively  bulky  central 
K^monwhiditheaexoigaiiaarebanie.  I  have  found  that  many  wdl  grown 
prothalli  in  all  three  sq>edes  have  two  and  even  three  healtl^  plantleta. 
Curiously  enouRh.  I  have  not  found  a  single  instance  of  two  or  more  %r>ung 
embryos  or  fertiiiiiid  archegonia  existing  on  the  same  prothalius,  although  I 
have  sectioned  a  large  number. 

The  prothalli  of  the  hot  named  three  (L.  volubite,  JL  fasHgiakmt  L.  semi' 
wmi^  are  large  and  deep  Uving,  the  first  two  belongfng  to  the  cUuaiMm 
t>'po  and  thi'  tliini  to  the  comphmahtm  t>T>e.  T  have  pxnmituvl  ;l  l;irj?e  number 
of  each  of  Uiese  both  externally  and  in  serial  section.  These  prothalli  are  of 
course  all  comparatively  large  in  size,  and  they  frequently  have  two  or  thrw 
developing  healthy  plantlets.  Fimn  serial  sections  I  have  found  on  one 
pfOthaUus  of  L.  volubile  one  \ oung  plant  and  two  embryos,  and  on  aw^her 

four  embryos.  The  prolh.ilii  of  L.  fnsHi^iiUum  supply  the  most  noteworthy 
instances  of  polyemttryony.  One  large  proihallus  showed  no  less  than  eleven 
embryos  in  differenl  sta^jes  of  developiueiit  and  three  young  plantlets,  all  of 
these  fourteen  being  healtlqr.  Other  prothalli  showed  from  three  to  five 
embryos.  The  archegonia  in  these  two  q>edc8  are  nearly  exdusively  on  tlie 
liplike  promineiK  e  which  surrounds  the  top  of  the  prothallus,  so  that  the 
embr%'os  ami  plantlets  are  generally  r^uile  dose  together.  In  scariosum 
1  have  also  found  two,  three,  and  lour  embrjos  on  the  one  prothallus. 

From  my  own  observations  I  can  say  that  the  large  growing  prothalli  of 
certain  Lycopodium  types  (as  enumerated  above),  and  also  those  of  Tmefipitris, 
not  imcommonly  show  polyemhryony  arising  from  the  fertilization  of  several 
archegonia.  1  note,  however  ih  it  CHamhkrlain  shows  two  yoUQg  plants  on 
a  prothallium  of  L.  Uikrn!<  which  is  i)f  the  small-growing  form. 

It  is  very  evident  that  I  mesi pirn's  and  some  of  the  L\  copodiales 
with  large  gamctophytcs  may  mature  several  sporophyte  plants. 
Doubtless  some  kind  of  embryotiir  selection  is  t'ounH  even  among 
these,  as  it  is  hij^hl\-  jirobable  that  onl\'  a  traction  ot  the  zygotes 
produi  efl  attain  llieir  lull  term  of  embryonic  development.  Several 
young  sjiorophytes.  however.  ;ire  u.suall>'  produced  on  various 
parts  oi  the  tuberous  ga.nictophytes.  It  UicaC  arrested  embryos 
remain  healthy  looking  for  a  long  period,  a  condition  dcilniLcly 
reported  for  some,  this  fact  would  indicate  a  more  primitive 
condition  than  that  of  their  complete  abortion. 

Such  a  heterosperous  form  as  Setaginella  is  much  nearer  to  the 
condition  from  which  the  seed  habit  was  derived.  While  some 
large  vigorous  gametophytes  of  Lycopodium  may  frequently  give 
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rise  to  several  qpwophytes  of  some  size  with  or  without  embr^'onic 
selection,  these  smaller  female  gametophytes  of  Sdaginella  that  are 
contained  within  the  megaspore  coats  do  not  produce  more  than 
one  maturing  sporophyte.  There  are.  however,  a  number  of 
archcgonia  per  j^ametophyte  in  Seldf^iiwlla,  and  several  litres 
have  been  published  showing  two  or  three  embryos  in  the  same 
section.  One  of  these  is  Pfeffek's  well  known  illustration  of 
S.  Mertensii  (fig.  13).  When 
we  consider  the  occasional 
character  of  fertilization  and 
some  of  the  difhculties  that 
usually  attend  this  event  for 
a  land  plant,  it  is  very  prob- 
able that  the  fertilisation  pro- 
ducing these  several  embiyos 
occoned  simultaiiecnialy. 

Bruchmann  (a)  states  in 
his  numograph  on  S.  spimdosa 
that  although  several  embryos 
may  start  to  grow,  but  one 
comes  to  maturity.  Miss 
Lyon  (31),  in  her  paper  on 
SelagineUa,  also  shows  several 
instances  of  polyembryony. 
The  one  .shown  in  fig.  14  is 
gi\en  as  a  pos.siblc  fertiliza- 
tion of  two  eggs  in  one  arche- 
gonium.  or  of  the  fertilization  of  the  ventral  canal  cell  aii<i  egg.  It 
is  also  possible  that  these  embryos  were  derived  from  neighboring 
archegonia.  as  fig.  15  (drawn  to  the  same  scale  as  fig.  14)  would  seem 
to  iiidic.ite.  the  eml)ryos  having  digested  the  single  la\  er  of  gameto- 
phytic  cells  that  separated  their  venters,  in  any  event,  this  shows 
polyembr>'ony.  These  embryos  are  still  so  small  that  they  are 
evidently  formed  torn  a  simnltaneoQS  or  nearly  simultaneous 
fertiiisattoii,  and  one  has  already  b^gun  to  grow  a  Uttle  faster  than 
the  other,  indicating  that  embryonic  selection  is  taking  place. 
It  iqipears  at  least  that  in  some  species  of  Selagindla  embryonic 


Fic.  i.^ — Female  pamctophyte  of  Srla- 
gineUa  Merkmii  showing  two  embryos, 
X160;  after  Pfsrm  (js)  modified  Iqr 
G(«bki.(m). 
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selection  may  play  a  definite  rftle  under  normal  drcumstanoes. 

In  Isoetes  there  are  usually  several  archegonia.  so  that  it  is  possible 
for  several  eggs  to  be  fertilized,  at  least  occasionally,  but  nothing 
has  been  recorded  concerning  an  actual  plurality  of  embryos. 


Fir.  t  j  Fir,  15 

FtC8.  14,  15. — Lmbr>-o5  of  HelagjitttUa  apus  showing  polycmbryony;  fig.  15, 
fertilixation  of  egg  in  archegonium  beside  another  zygote;  fig.  14  may  represent  two 
jQffotet  of  nei^boring  andiegonin  mdi  as  those  ia  fig.  15  (drawn  to  same  icik)  after 
fUBctopbytk  tiHue  bettRcen  them  ivas  digested  awqr;  alter  Lyon  Cis). 

Equisetaubs.— HoFKEisrER  (as)  definitely  states  that  in 
Bqmseliim  ofvense  the  number  of  archegonia  of  a  vigorous  prothal- 
Itum  is  from  twenty  to  thirty.  It  exceeds,  therefore,  the  number 
of  antheridia  of  the  hugest  male  gametc^ytes.  As  a  rule  more 

thanooeeggisfertiliaed.  He 
counted  as  many  as  seven 
embryos  on  one  such  gameto- 
phyte.  Fig.  16  shows  E.  or- 
vense  with  two  neighboring 
archegonia  containing  em- 
bryos in  competition.  In  a 
more  recent  stu<l\'  by  Kashyap 
(26)  on  E.  dcbile.  the  author 
states  that  in  these  vigorous 
gametophytes  the  number  of 
archegonia  may  reach  two 
hundred  or  more.  Although  the  prothallus  may  bear  only  a 
single  sporophyte,  eight  to  ten  young  sporophytes  on  a  single 
gametophyte  are  said  to  be  very  common.  Under  oonditioos 
of  laboratory  culture  Kashyap  obtained  fifteen  or  more  sporo- 


Fic.  16.   Polyembiyony  in  Equisehtm 
after  HomsiSTEt  (aa). 
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I^ytes  cm  a  single  gametopliyte  (iig.  17).  It  is  difficnlt  to  iinder- 
stuid  how  only  one  or  a  Um  eggs  could  be  fertiliaed  where  > 
hnndreds  of  aich^gonia  are  found,  even  if  they  are  of  suooesaive 
<»jghi.  The  result  of  such  a  fertilization  would  praduoe  doMs 
or  at  least  quite  a  number  of  z>'gotes,  a  majority  of  which  never 
develop  be\-onc{  the  stage  of  only  a  few  cells,  and  many  probably 
succumb  in  the  struggle  for  nourishment  in  the  one-celled  stage, 
or  before  they  divide  many  times.  E,  lamgahm  was  recently 


Fic.  17  Fic.  i8 

Ftos.  17,  18. — Fig.  17,  gametophyte  of  Equiseium  dcbiU  giving  rise  to  ftfteen 
qtoraphytct  under  kbontocy  ailtiife,Xii5;  after  Kasbtat  (aS);  fif.  18,  EpwMkMi 
lattigthmf  gnnetepliyte  beariai  four  iporapliytaa,Xa;  after  WAUcn  (at). 

investigated  by  Miss  Walebr  (38),  and  this  species  likewise  has 
a  plurality  of  young  sporophytes.  four  bcinp  shown  in  one  case 
(fig,  18).  and  six  in  another.  It  is  evident  that  embryonic  selection 
plays  a  r61e  in  most,  if  not  all  q>ecies  of  Equiseium.  Plurality  of 
embryos  seems  to  have  been  found  in  all  carefully  investigated 
species. 

Ophioglossales.— In  his  work  on  the  pmictoph\  tc-  ot  liolry- 
cliiutfi  virt^iniintuni.  Jeffrey  (25)  states  and  j4i\cs  illustrations 
of  the  fact  that  one  frequently  finds  two  or  more  sporophytes  on 
a  single  protballium.    B&ucumann  found  many  very  young 
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embr>os  in  B.  iunuiana.  but  stated  that  nevcf  mote  tbntno 
couk)  develop  on  the  ^mall  ?anietophyte. 

In  his  studies  of  Hdminihostat  hys.  Lant,  (  27  )  found  a  plurality 
of  young  sporophytes.  and  aU>  found  and  Hescril)e<i  many  small 
ai>orted  embn-os.  who-^e  arrest  in  \arious  stai:e>  of  development 
was  due  to  the  supremacy  of  the  larger  •^ucce>-iul  >porophyte 
Figs,  19  and  20  are  from  hi>  liguro.  made  by  combining  several 
sections  of  the  scries,  and  show  the  existence  of  embr}  omc  selectki 
in  Uelminlkastackys.  He  also  gives  habiut  data  which  may  be 
taken  as  eviiknce  that  the  fertiliiations  nhich  gave  rise  to  tk 


/f   


(e,,  r,)  beaidt 


Vu.s.  »g,  io— Fij{.  19.  Miwted  cnbijpo  (r,)  of 
largrr  «nbr>-o  (<■.);         ^axg  (ay);  fij.  «o>  *m 
law  r  si>orophytc  (r.);  s„  s„  tiers  of  swpenaot 
graphs  by  Lang  (a?). 

withered  arrested  embryos  occurred  at  about  the  same  tune  as  that 

of  the  suc(  es>ful  s[)orophyte  plant,  and  that  the  aborted  embr>^os 
wen  t ar\  ed  by  the  more  rapidly  developing  ^roph3rtes. 

Botrxi  Ilium  obliquuM  has  been  studied  more  recently  by 
C  AMi'KKLL  (9).  Something  definite  conoenung  the  occurrence  of 
embryonic  selection  may  be  inferred  faom  this  statement  in  the 
following  passage: 

I  ni, ,  liul.ir  embryos  arc  not  uncommon,  as  aevcnl  archegonia  may  be 
fcrtili^itl  anil  begin  to  form  embryos,  but  the  Utcr  »ta«w  are  not  so  evily 
found,  and  it  was  not  possible  to  secure  as  complete  a  aeries  as  might  have 
been  wished.  However,  the  essential  f>oinis  in  the  development  of  the  embr>'08 
were  made  out,  and  there  is  no  question  as  to  the  way  in  which  the  young 
sporophytcs  develop. 
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Of  course  embiyooic  selectioii  would  tend  to  make  the  later 
stages  scarce,  while  the  arrested  unicelhilar  and  smaller  embryos 
would  be  more  frequent.  Doubtless  many  of  the  latter  are  rqxe- 
sented  by  the  aborted  embryos  studied  and  mentioned  by  Lamo 
and  Campbell. 

Leptosporangiate  Feucales. — Embiyonic  selection  is  also  of 
common  occurrence  in  many  of  the  leptospjorangiate  ferns.  In  a 
paper  on  Osmuuda.  C  ampbell  (7)  makes  the  statemi^t,  speakiog 
of  the  O.  c/«  «<j  momea  gametophyte: 

Frequently  more  than  one  archegonium  is  fertilized  as  in  the  Gleicheni:\roae 
(34").  but  as  a  rule  only  one  embr>'o  develops,  although  it  is  not  at  all  uncommon 
to  find  several  archcgonia  where  the  egg  has  evidently  been  fertilized,  as  is 
shown  hy  its  cnlugemcnt  and  investment  with  a  oell  wall.  Only  one  case  was 
met  with  where  two  larger  embryos  were  present,  but  one  of  these  was  very 
much  in  advance  of  the  other,  and  it  is  |»obable  that  the  laiger  one  would  have 
ultimately  starved  out  the  other. 

Rau\\t:nhoff  (34)  described  the  occurrence  of  several  embryos 
in  GkUhema  (fig.  22);  and  in  ViUaria  Goebel  (19)  found  a  similar 


Fio.  ti  Fm.  m 

Vtos.  31,  32.— Fig.  21 ,  gametophyte  of  ViUoHa  with  three  embcyos  (e)  on  vadoos 
parts  of  branching  thallub:  nr,  archegonia;  after  Goeb el  (19);  fig.  22,  embiyOB  of 
Gltukmia  ahowing  polyembtyony;  after  RAUWXNaorv  (m). 

plurality  of  sporophytes  and  embryos.  He  states  that  he  has  no 
doubt  that  several  sporophylcs  may  come  from  a  single  i)rothaUium; 
at  least  he  frequently  noticed  se\erai  embryos  in  various  parts  of 
the  prothaUium  (iig.  21),  also  prothallia  on  which  there  were  still 
other  embrjos  in  addition  to  the  larger  sporophyte.  Gokbel  states 
that  it  is  depenflent  upon  circumstances  of  nourishment  whether 
or  not  tliese  smaller  embryos  continue  tlieir  development. 
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Among  other  Filicales  this  feature  of  embiyonic  selection  b 
likewise  to  be  found.  Markle  has  prepared  many  slides  of  fern 
embryos  in  order  to  supply  them  for  school  use,  and  is  therefore 
able  to  sp>eak  from  considerable  experience.  Most  of  his  material, 
which  includes  a  variety  of  leptosporangiate  species,  was  obtiiined 
from  greenhouses.  He  has  found  that  by  carefully  examininjj  his 
sections  in  the  paraffin  ribbons  before  fixing  them  to  the  slides,  he 
has  usually  been  able  to  make  more  than  one  good  preparation 
showing  a  one  .  a  two-,  or  a  four-celled  embr}  o  on  a  slide,  out  of  the 
ribbon  obtained  from  a  i>inglc  large  gametophyte.  Markle 
states  in  a  letter: 

I  do  not  think  1  have  ever  sven  more  than  one  embiyo  on  a  gametophyte 
vrftere  flidi  had  mdied  the  Stage  witb  the  first  leaf  evident.  I  have,  however, 
seen  a  numher  of  instances  ndicte  there  were  at  least  two  or  three,  poMib^ 

four  embryos  in  the  two-ciHed  or  fbur-cc"llL>d  sta^  on  one  Rametoph>'te. 
In  sectioning  matfrial  in  which  the  largest  cmbr>'o  was  in  the  stage  where 
the  four  quadrants  have  their  respective  primary  organs  (foot,  root,  stem,  leaf) 
well  organized,  I  have  seen  other  anall  embiyos,  very  evidently  suffering  from 
the  oompetitkm  and  loaing  out  in  the  fight  with  the  larger  emlnyos,  as  wis 
shown  by  the  shrunken  appearance  of  the  cells. 

Among  the  fern  gametophytes  of  the  preeeding  discussion, 
there  are  quite  a  few  instances  in  which  the  several  embryos  are 

only  those  of  the  somewhat  independent  or 
remote  archegonial  cushions.  For  example, 
Angfoplms  eoecla  (fig.  23)  and  VHtoria  (fig.  ai) 
both  have  the  young  sporophytes  some  distance 
removed  from  each  other.  This  condition  is 
found  among  ferns  having  large  or  branching 
gametophytes,  which  may  have  several  arche- 
gonial groups  more  or  less  remote  from  each 
other.  Among  these,  as  well  as  among  the 
ferns  with  la  rue  tuberous  gametophytes.  there 
is  active  embryonic  selection  only  when  two  or 
more  neighboring  archegonia  are  fertilizetl. 
Likewise  among  leptosporangiate  ferns  the  polyembryony  has  great- 
est signilicanre  when  the  competing  emhrs os  arc  near  each  other, 
as  when  they  are  on  the  same  arehcgonial  cushion.  This  form  of 
embryonic  selection,  like  that  of  conifers,  only  rarely  produces 


Fig.  J3.  G.imcto- 
phyte  of  Anghpteris 
etecta  bearing  two 
young  qMMophjrtes; 
after  Faxmxk  (18). 
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man  than  one  sporophyte  from  a  single  gametophyte.  This  con* 
ditkm  of  poIyembr>  ony,  which  was  casuaUy  mentioned  by  several 
students  of  pteridophytes,  is  well  IDustrated  by  fig.  24,  which  is 
a  flpecies  of  Aspidiumf  probably  A.  Thdypkris,  collected  in  its 
natund  habitat  While  the  laiger  embiyo  (fig.  24  A,  ^)  has 
become  multicdhilar,  having  approximately  35-30  cells,  the  second 
one  (fig.  24B,  found  on  the  remote  side  of  the  ardiegonial 
cushion,  has  remained  uniceUular,  but  has  enlarged  considerabty. 

Fig.  25  is  fran  a  gametophyte  collected  on  the  benches  of  a 
greenhouse  whose  species  could  not  be  determined,  but  could  have 
been  <Hie  of  a  half-dozen  teptoapoiangiate  apedes  growing  near  by. 


Fig.  24. — £mbr>'onic  M.lection  in  Aspidium:  A^  enlarged  view  of  laiger  embryo 
of  C,  sui rounded  by  calyptra;  smaller  Bnfcirfhihr  cmbiyo  shoim  ia  C  on  tamt 
gametophyte,  less  than  z  mm.  dilUnt;  (C  noonitnicted  fnn  levenl  leiiil  Mctiou); 
A  and  ^Xaoo»  CXa*. 


This  is  included  here  because  it  seems  to  show  a  stage  slightly 
later  than  that  of  fig.  24,  and  indicates  the  fate  of  the  smaller 
embryo  of  the  latter.  It  is  eqiedally  interesting  to  note  the 
shnmken  and  starved  appearance  of  the  embiyo  in  fig.  35  B.  That 
the  larger  embryo  starves  the  smaller  is  a  very  natural  eiqibmation; 
this  is  a  factor  which  is  very  certain  to  be  involved,  but  it  is  also 
possible  that  the  excretions  of  one  embiyo  tend  to  inhibit  the 
development  of  the  others.  In  ferns  having  large  vigorous  gameto- 
phytes  with  many  archegonia,  if  the  aborted  embryos  are  not  too 
quickly  starved  they  should  be  subject  to  recall  eipeiimentally, 
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fay  any  measures  wliich  would  tend  to  prevent  thia  embiyoaic 
competition. 

Fhim  a  careful  wramination  of  a  number  of  species  of  kptospo- 
rangiate  ferns,  it  is  dear  that  there  is  a  considerable  poiod  of 

enlargement  of  the  egg  following  fertilization,  before  the  zygote 
divides.  It  is  obvious  that  the  decisive  part  of  the  embryonic 
selection  may  transpire  during  this  early  period,  so  that  most  if 
not  all  of  the  sygotes  are  eliminated  before  they  have  undergone 
cleavage. 

A  few  examples  may  be  given  showing  the  amount  of  increase 
in  volume  during  the  ^st  stages  of  the  embryogeny,  rair^ilntH 


Fig.  as.— Fern  gamctophyte  with  several  embryos  in  competition,  representing 
slightly  later  stage  than  fig.  24;  Ah  ft  enlarged;  B  is  e,  (second  wdedlukr  embryo) 
wfthdisintegniting  nucleus,  collapsing  as  it  is  aborted  through  embryonic  competition; 
«i  apptan  to  be  a  third  colUpaed  tinicellnlar  embryo  (?);  A  and  BXaeo,  CX49. 


from  micrometer  measurem^ts.  *  The  average  of  several  fertilixed 
eggs  in  Osmunda  cinnamomea  measured  6000  cubic  microns»  while 
the  sygote  of  the  same  spedes  after  only  one  cleavage  measured 
-  19,000  cubic  microns.  Id.  Adiantum  the  diameter  of  the  egg 
measured  17,000  cubic  microns,  whUe  the  two^elled  zygote 
measured  65,000  cubic  microns.  In  a  spedes  of  Piais  the  fertilized 
egg  measured  33,000  cubic  microns  or  less,  while  the  two-celled 
zygote  exceeded  195,000  cubic  microns.  Thus  it  appears  that 
among  leptosporangiate  ferns  there  is  a  definite  enlargement  of 
the  zygote  of  from  200  to  500  per  cent  during  the  first  cleavages. 
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In  euspoxangiate  ferns  with  well  developed  suspensors  it  is  very 
much  greater;  hence  the  evidence  to  be  found  in  the  eUminated 
zygotes  of  tWs  more  active  form  of  embrj'onic  selection  in  ferns 
is  not  conspicuous.  It  occurs  in  the  earliest  stages,  leaves  only 
ver}-  small  aborted  embrjos,  and  it  is  probably  for  this  reason  that 
embryonic  selection  has  usually  been  overlooked  as  a  normal 
process  of  the  life  cycle. 

While  many  of  the  living  ferns  probably  do  not  possess  embry- 
onic selection,  at  least  as  a  \er\"  striking  or  prominent  feature, 
practically  all  of  them  show  good  evidence  of  a  derivaLiuii  Irom 
forms  possessing  it;  of  having  passed  through  this  condition 
histoii<^y.  During  Pakocoic  time,  when  pteridophytes  consti- 
tuted the  dominant  vegetation^  ombiyonk  sdection  was  probably 
the  prevailing  condition.  Even  the  envixonmental  forms  of 
competition  were  much  more  keen,  as  our  vast  coal  deposits  would 
indicate.  There  is  little  doubt  that  the  earfy  seed  plants  which 
were  derived  from  these  ferns  retained  embryonic  selection,  as  it 
is  a  feature  which  has  persisted  until  today  in  gymnosperms 
generally.  The  simple  polyembryony  of  gymnospenos  is  therefore 
of  fern  origin. 

SuppBESSiON  OF  EMBRYONIC  SELECTION  IN  FERNS. — There  are 
some  pteridophytes  among  which  there  is  a  more  or  less  complete 
dimination  of  embryonic  selection.  Such  a  highly  specialized 

form  as  MarsUia  presents  a  special  variation  in  this  direction, 
since  only  one  archegonium  is  produced  on  the  female  gametophyte. 
Obviously  there  is  no  selection  between  two  or  more  zygotes  on  the 
same  prothallium.  It  appears  that  in  Marsilia  and  other  pterido- 
phyte  forms  having  only  one  archegonium,  we  have  examples  of 
the  elimination  of  the  embryonic  selection,  an  ad\  anced  condition, 
doubtless  the  result  of  .sjieciali/ation.  Leptosporangiate  ferns,  whose 
gametophytes  are  sometimes  \xt>-  much  reduced  in  size,  may  perhaps 
provide  additional  interesting  examples  of  the  complete  elimination 
of  embryonic  selection.  Should  this  selection  occur  between  arche- 
gonia,  or  between  the  eggs  of  neighboring  arch^onia  during  their 
develoi»nent,  it  could  certainly  not  be  classified  as  embiyonic  se- 
lection; it  may  perhaps  be  designated  as  gametic  selection,  or  in 
some  c^her  category  of  developmental  selection. 
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It  is  needless  to  point  out  that  mori^ological  investigiaton 
have  been  concerned  with  only  those  stages  in  the  development 
of  the  individual  ^rophyte  or  embryo  which  constitute  the  more 
important  links  of  the  life  cycle,  only  occasionally  illustrating  or 
noting  the  occurrence  of  several  embryos  on  one  gametophyte. 
Sometimes  an  investigator  illustrates  a  plurality  of  embryos 
without  further  comment,  and  Lant,  in  his  work  on  IJr!m;v!ho- 
stachys  reported  a  number  of  embryos  only  because  he  nia  lc  use 
of  the  arrested  embryos  of  one  gametophyte  in  describing  some  of 
the  missing  stages  of  embryonic  development. 

Steps  in  f.voli  tion  of  embryoxic  selection  among  pterido- 
ruvTES.  If  delinite  steps  in  Lhc  evolution  of  embryonic  selection 
among  pteridophytes  are  recognizable,  these  may  serve  as  a  rough 
measure  of  their  phylogenetic  poaitioii,  at  least  of  the  relative 
position  within  each  of  the  several  well  reoognixed  groups.  It 
would  seem  that  at  least  the  following  stages  or  steps  in  the  evolu- 
tion of  embryonic  selection  may  be  recognised. 

1.  Many  sporophytes  are  found  on  one  vigorous  gametcphyte, 
a  huge  portion  of  which  reach  maturity.  Selection  may  finally 
occur  under  conditions  of  crowding  in  early  or  later  stages,  but  this 
diminatixm  occurs  largely  ui  the  environment,  and  must  then  be 
recognized  as  natural  selection,  as,  for  etample,  Tmesiplms  and 
Lycopadium  with  large  vigorous  gametophytes. 

2,  A  few  sporophytes  app)ear  above  the  soil  or  break  through  the 
tissues  of  the  gametophyte,  but  a  selection  occurs  among  a  much 
larger  number  during  their  embryonic  stages;  arrested  embn,-os  re- 
main turgid  for  a  considerable  period,  as  for  e.\amj)le  Lycopodium. 

?  One  or  only  very  few  sporojjhyles  break  through  ti'^sues  of 
gameiophytes,  but  a  selection  occurs  among  a  large  number  in 
tlieir  embryonic  stages;  arrested  embr\'os  are  soon  aborted  and 
not  easily  recognized,  as,  for  example,  Equisetum,  delminlhostachys  , 
and  Bolrychium. 

4.  Xormally  only  one  sporeliag  sporophytc  is  produced,  but 
M-veral  archegonia  are  fertilized,  and  selection  between  zygotes 
occurs  in  early  embryonic  stages;  arrested  embryos  are  usually 
soon  aborted  and  not  easily  recognized,  as,  for  sample,  SelagineUa, 
Osmunda,  Aspidium,  etc. 
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5.  Gametophytes  are  so  reduced  in  sbe  that  only  one  arche- 
gDnhun  18  pioduoed,  making  setectbn  between  embryos  of  sqMurate 
fertOizatioii  impoasible,  as,  for  example,  ManSUa  and  PiMoHa, 

Selection  between  gametes 

Among  all  of  these  pteridophytes  another  f onn  of  devel<q>mental 
selection  may  be  recognized.  Doubtless  a  selection  occurs  among 
the  male  gametes  as  th^  swim  to  the  archegonia.  That  the 
archegonia  attmct  the  spenns  chemotropically  has  long  been 

known.  The  gametic  selection  is  therefore  a  measure  of  their 
response  to  this  sU'mulus.  While  it  may  be  lar[:(*l\'  a  matter  of 
chance  which  of  the  many  sperms  that  reach  the  an  lu'K'onLium  and 
swarm  about  its  neck  actually  reach  the  eL^^r  to  etTeci  tfir  fertiliza- 
tion, there  can  be  no  <1uu1jL  that  the  less  active  sperms  or  those 
otherwise  flefective  would  be  eh'minated  in  the  race  to  reach  the 
egg.  If  only  the  most  vigorous  sperms  take  part  in  fertilization, 
and  there  seems  to  be  very  good  ground  for  tliis,  certainly  a  form 
of  gametic  selection  is  to  be  recognized.  It  may  be  noted  in  passing 
that  with  its  return  to  aquatic  life,  the  natural  sphere  of  swimming 
spennsy  ManUia  has  exchanged  one  form  of  developmental  selectioo 
for  another.  Embryonic  selection  was  made  Impossible  and  lost 
throagh  reduction  of  archegonia,  but  gametic  selection  was  doubt- 
less facilitated  when  this  fern  returned  to  the  aquatic  habit. 
Gametic  selection  is  not  a  new  suggestion,  having  been  suggested 
by  Thomsok  (36)  for  animals,  and  it  is  probably  in  part  along  this 
line  that  the  principle  of  developmental  selection  may  be  found  to 
apply  somewhat  generally  to  the  animal  kingdom. 

It  must  be  rememboned  that  no  reduction  divisions  occur  in 
the  formation  of  sperms  in  ferns,  nor  is  any  special  form  of  cell 
division  known  or  recognized  here  which  might  bring  about  genetic 
changes.  In  animals  the  formation  of  sperms  is  accompanied  by 
a  chromatin  reduction  both  equational  and  differential,  a  condition 
shared  by  some  algae,  notably  Fucus. 

Other  iokms  of  developmental  selection. —There  are  sUll 
other  forms  of  developmental  selection  which  must  he  taken  into 
attouni.  One  of  these  is  illustrated  by  the  selection  which  takes 
place  at  a  certain  stage  of  development  in  Selaginelia  between  the 
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mqsiBSpoie  mother  cdls,  a  laige  number  of  which  begin  to  appear 
only  to  dqsenerate  when  one  of  them  is  selected  and  enlarges  to 
form  the  single  tetrad  of  megaspores.  Tin's  selection,  is  neither 
cmbryimic,  gametic,  nor  gametophytic,  but  belongs  to  a  distinct 
category,  somewhat  similar  to  some  other  types  of  develoinnental 
selection  which  will  be  discussed  later. 

Developmental  selection  among  spennatophytes 

Embryonic  selection —Most  striking  of  the  forms  of  develop- 
mental selection  of  seed  plants  is  tiie  embryonic  selection  illustrated 
by  the  polyembryony  of  gymnosperms,  wliich  has  already  been 
described  in  a  general  way.  The  several  enihryos  originating  from 
the  fertilized  egps  engage  in  a  competition  in  which  the  most 
vigorous  indixidual  is  always  the  winner.  Xut  only  must  the 
embryo  rapidly  become  massive  and  multicellular,  but  it  must  also 
produce  a  stiffer  and  more  vigorous  suspensor,  one  irfiidi  keeps 
the  successful  embiyo  in  the  commanding  posation.  The  winner 
IS  usually  the  foremost  of  the  group  of  embryos,  where  the  embry- 
onal tubes  of  the  dongating  secondary  suq}ensor  are  able  to  push 
the  other  competitors  back,  away  from  the  most  favorable  positioii. 
This  applies  whether  cleavage  polyembryony  occurs  or  not.  The 
mature  conifer  seed  has  a  single  large  embryo,  but  the  remains  of 
some  of  the  other  ^bryos  participating  in  the  competition  can 
usually  be  found,  crushed  against  the  archegonial  end  of  the 
embryonal  cavity  witliin  the  gametophyte  (endoqperm)  by  the 
suspensor  or  radical  end  of  the  successful  embryo. 

Gametophytic  selection.— Another  t>pe  of  developmental 
selection  is  gametophytic  selection.  This  is  not  intended  to  apph" 
to  the  form  ot  natural  .-^election  otcurrin*^  between  independent 
gametophvtes,  as  those  of  liverworts  or  ferns,  in  the  external 
environment,  but  rather  to  a  i)lurality  of  male  or  female  gameto- 
phytes  whi(  h  are  dependent  on  a  sjK)roj)hyte.  as  they  are  in  seed 
plants.  It  is  well  illustrated  l.)y  the  pollen  tubes  of  a  pine  or  other 
conifer  whose  conipeLili<.»n  prcdetet  nmies  in  a  measure  which  ot 
the  several  archegonia  shall  lirst  be  fertilized.  AlUiough  fertiliza- 
tion in  conifers  is  almost  simultaneous  even  in  the  various  cones  of 
the  same  tree,  a  fact  first  pdnted  out  by  Houibisiek  (21),  this 
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event  does  not  usually  occur  absolutely  simultaneously  even  in 
a  sini^  ovule.  Some  embiyos  are  usually  produced  a  little  earlier 
than  the  others,  and  have  a  slight  advantage,  although  this  diffei^ 
enoe  may  represent  onty  a  few  hours  or  minutes.  The  competition 
is  continued  between  the  several  embiyos  in  the  ensuing  embryonic 
selection,  which  becomes  trul^  a  struggle  for  enstenoe,  so  that 
the  resulting  seed  has  only  one  embryo.  Here  in  gymnospenns 
the  developmental  selection  process  is  a  sort  of  relay  race  between 
one  pollen  tube  phis  its^mbxyo,  and  other  pollen  tubes  plus  their 
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Fto.  a6.— Sections  of  ovules  of  Stqiu^  smpervhms,  showing  selection  between 

fenale  gumetophytcs:  .1.  ovule  with  six  mcgaspore  mother  cells;  P.  numerous 
jw*»^^'>**'»e  megaspores;  C,  older  stage  showing  two  young  gametophytes  whose 
competition  has  perdsted  Into  mnltinudear  stage;  after  Lawson  (»S). 

eml)r\()s.  Thr  i'inl)ryo  of  a  tjymnosperm  sect!  is  therefore  the 
sur\  i\  ,il  of  a  rajudly  developing  pollen  tube  combined  with  a  ver>' 
vigorous  en^hryt). 

Anions  conifers  the  male  ganiet(»phytes  are  not  ihe  only  indi- 
viduals taking  part  in  tliis  competition.  Female  gametophytes 
may  also  undergo  competition  under  normal  conditions  in  some 
species.  IhiPLBR  (i6),  in  his  work  on  Taxus  canadensiSt  showed 
tiiat  the  existence  of  several  female  gametophytes  arising  from  as 
many  m^aspores  is  quite  the  nonnal  condition.  Lawson  (a8) 
found  a  similar  situation  in  Sequoia  (fig.  26),  and  apparently  also 
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in  Cryplomma  (29).  Tlw  work  of  Loisv  (30)  on  Gmkm  indicates 
tho  same  thing,  and  occaaionaHy  slight  evidences  of  this  are  found 
in  Pima  and  other  oonifeis. 

Even  angioq>enns  sometinies  ha've  this  competition  between 
female  gametophytes,  which  seems  to  occur  as  a  functional  form  of 
developimental  selection.  This  is  especially  true  of  some  of  the 
lower  Archichlamydeae  and  Monocotyledons.  Casuarina  (37)  has 
been  reported  to  have  as  hi^h  as  twenty  or  more  megaspores.  of 
which  several  enlarge  considerably,  but-  only  one  is  functional. 
AkhemiUa  (aoj  has  been  observed  with  five  or  six  ripe  megaspores; 


Flc.  27.  Selection  between  female  g|UIietoph\  tr-  in  R  tninif  ttliis  septcnSriomilts: 
Af  section  of  nuccllus  showing  ei|{ht-€elled  archisporium;  B,  later  stage  showing 
sevenl  feoiale  gunetophytcs  and  aborting  mega&pores  m  cairly  suges  of  devdopnient, 
X4|oo;  after  Comm  (ta);  cat  lent  by  D.  ^ipletoa  Coaqiany. 


in  Afisama  (8)  something  similar  has  been  reported ;  and  in  Ranun- 
culus Coulter  (12)  found  as  many  as  eight  archesporial  cells  and 
three  embryo  sacs  within  the  same  ovule  (tig.  27).  Numerous 
additional  examples  are  on  record.  Goebel  (20).  in  discussing  the 
many  gametophytes  of  Casuarina,  suggests  that  "biologically 
this  rt'prats  the  case  of  the  embrj'os  of  the  Abietineae.  where,  of 
the  many  embryos  which  arise  from  one  egg,  only  one  develops.'* 
Jtiis  ill tcrpR'ta lion  of  the  signiticance  of  polyembryony  in  conifers 
is  treated  as  a  process  of  correlation,  where  he  compares  it  to  the 
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condative  ''struggle''  between  vegetative  parts,  or  flowers  in  a 
crowded  inftneaoence.  It  is  evident  that  he  recognised  a  s^mficant 
similarity  in  these  forms  of  developmental  selection,  although 
apparently  he  did  not  anticipate  the  signiiicaace  of  these  facts  In 
relation  to  the  selective  mechanism  of  evolution. 

A  ver>'  unique  form  of  developmental  selection  is  represented 
in  Welwilschia  mirabUis  described  by  Pearson  (32).  The  female 
jjametophytc  gives  rise  to  a  number  of  nuclei,  potentially  eggs, 
which  develop  prothiillial  tubes  that  grow  up  into  the  nucellar 
tissue.  When  such  a  prothallial  tube  come-s  in  contact  with  a 
pollen  tube,  fertilization  takes  place.  The  embr\Tjs  may  be  found 
growing  down  tliti  ugh  these  prothalh'al  tubes  into  the  female 
gametophyte  tissue.  Altiiough  we  ha\  e  polyembrvony,  the  selec- 
tion is  probably  in  part  pre<ietermine(l  by  prion ly  of  fertiliza- 
tion, which  depends  upon  the  jxjlicn  tubes  and  the  prothallial 
tnbes  of  the  female  gametophyte.  Apparently  the  selection 
resolves  itself,  in  part  at  least,  into  a  competition  between  eggs,  or 
im>thallttl  tubes  containing  eggs,  a  form  of  sdection  between  female 
gametes  which  is  very  rate  in  plants. 

Megaq[)oie  tetrad  formation  and  the  abortion  of  the  megaspores 
in  angiospeims  might  suggest  itself  as  a  form  of  developmental 
selection,  but  the  selection  in  this  case  seems  to  be  largely  one  of 
position*  It  is  not  any  j&egaipore  of  the  group  In  a  linear  tetrad 
that  may  ^ve  rise  to  the  mbiyo  sac  but  almost  always  the  inner- 
most of  the  four.  This  selection  is  not  dependmt  on  the  physio- 
logical success  of  the  megaspore.  but  is  miorphologically  hxed,  and 
therefore  not  properly  included  among  processes  of  developmental 
selection. 

Among  angiosperms  the  selection  between  male  gametophytes 
or  pollen  tubes  represents  the  most  imjM)rtant  dcvclopmenlal 
selection  machinery.  In  the  pistil  of  the  ordinary  llower  an 
excessive  number  of  pollen  grains  may  germinate  on  the  stigmatic 
surface.  l)ut  usually  only  a  limited  number  of  these  can  function 
in  fertilizing  the  eggs  within  the  ovules.  Only  one  |H)llen  tul>e  is 
necessary  to  fertilize  the  single  uvulc  in  the  |)istil  of  maize,  yet 
hundreds  may  fall  on  t-ach  stigma  and  giumuak  .  producing  pollen 
tubes  of  varying  length:*,    i  ig.  26  repreaeuts  the  pistil  of  an 
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angiosperm,  illustrating  the  important  mechanism  of  this  gameto- 
phytic  selection.  A  mature  cotton  boll  contains  an  aveiageof  from 

30  to  40  seeds,  yet  hundreds  of  pollen  grains  may  germinate  on 

the  stigma  of  the  pistil.  East  (17)  has  deter- 
mined by  actual  count  that  there  are  usually 
1200  to  2000  pollen  tubes  in  a  single  pistil  in 
tobacco,  sufficient  to  fertilize  from  four  to  six 
tinu's  the  number  of  ovules  in  the  ovary. 

Recent  genetical  studies  have  shown  that 
this  gametophytic  selection  in  angiosperms 
rej)resented  by  the  pollen  tubes  has  a  signiti- 
cance  of  the  first  importance.  For  example. 
CoKKEN's  (14,  15)  has  shown  that  in  Mtlan- 
drium  there  is  a  selection  between  the  male 
gametoph3rtes  in  their  race  to  the  ovules,  that 
the  female-producing  pollen  tubes  are  on  an 
average  deddedly  faster  in  their  growth  than 
those  carrying  the  factors  ivhich  produce 
males.  By  applying  much  pollen  so  as  to 
crowd  the  pollen  tubes,  he  was  able  to  increase 
the  poUen  tube  competition  in  favor  of  the 
production  of  more  females,  and  by  qMuse 
pollinati<m  he  was  able  to  stay  this  competi- 
tion somewhat,  resulting  in  the  production 
of  more  males  than  under  normal  conditions. 
This  may  be  taken  as  definite  experimental 
proof  of  gametophytic  selection  in  angio- 
sperms. 

Experimental  studies  of  pollen  tube  com- 
petition in  angiosperms  have  been  in  progress 
for  .some  time  by  the  writer,  and  will  be 
pubhshed  in  separate  ])ai)ers.    It  may  be 
stated  here  that  gametoj^hytic  selection,  as 
it  affects  the  evolution  of  angiosperms,  is  a 
subject  open  to  experimental  study.    It  is  already  apparent  that 
the  genetic  result  of  this  gametophytic  selection  is  a  matter  of  the 
first  importance  if  it  relates  to  some  of  the  heritable  characters. 


Fig.  a8.— ^Diagram 
of  Instil  of  angiosperm 
having  one  ovule,  show- 
ing pollen  tiibc-i  (pt) 
penetrating  conducting 
tisBue  (d)  of  style,  en- 
gaged in  competition  to 
reach  ovule,  resulting  in 
gametophytic  selection. 
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cspedaily  in  plants  with  long  styles.  While  this  poUen  tube  selec- 
tion in  angiospenus  is  mozpholQgicaUy  veiy  different  from  the 
embiyonic  sdectioii  in  gymnosperms,  it  is  physiologically  a  veiy 
similar  process.  In  the  case  of  the  embryonic  sdection  the  embryo 
qxnophytes  are  digesting  their  way  and  pushing  forward  into 
gametophytic  tissue,  while  pollen  tubes  rq)resent  gametophytlc 
structures  penetrating  qNwophytic  tissue  by  what  appears  to  be  a 
very  similar  method. 

An  important  difference,  however,  between  the  g)-mnosperra 
embr>'onJc  selection  and  the  pollen  tube  c<)mf)etjtion  of  angiosperms 
should  be  noted.  Ihe  embn,'os  concerned  in  the  competition  are 
diploid  individuals,  while  the  jxillen  tube  and  other  forms  of 
gametophytic  competition  take  place  between  haploifl  individuals. 
The  recent  work  of  geneticists  shows  that  letJial  factors  ma}  be 
present  in  one  member  of  a  pair  of  chromosomes  apparently  without 
serious  consequences,  as  long  as  the  same  lethal  is  not  present  at 
the  same  time  in  both  chromosomes.  Factors  lethal  to  the  g^eto- 
phy  te  could  not  be  protected  in  this  way  by  a  homologous  chromo- 
some. 

Imterovulax  AMD  iMiESFLOKAii  SELEcnoN.— AnothoT  form  of 
selection,  bekmgmg  more  or  less  completely  to  the  categories  of 
devdqpmental  sdection,  is  that  occurring  in  angio^rms  between 
the  ovules  witUn  the  same  ovary.  In  spedes  of  QuercuSt  for 
example,  there  are  six  ovules  within  the  ovary,  although  nonnally 
only  one  ovule  with  one  embryo  is  found  developed  in  the  acorn 
which  matures  from  this  ovary.  In  Praxinus  and  in  the  olive 
there  are  two  ovules  in  each  pistil,  yet  only  a  single  seed  with  one 
embryo  is  matured.  There  are  numerous  similar  instances  in  the 
plant  kingdom,  and  whether  the  elimination  of  the  unsuccessful 
ovules  in  such  cases  occurs  as  early  as  the  stage  when  the  mega- 
spores  or  female  gametophytes  are  developing!;,  or  onl\'  among 
the  ovules  containing  /.ygoles  after  fertili/ation  has  taken  place, 
remains  to  be  determined.  According  to  the  publishc<i  accounts 
of  the  morphology,  the  latter  is  probably  what  hai)i>ens  in  Quercm. 
The  selection  between  reproductive  organs  during  early  vegeta- 
tionai  stages,  as  tliat  |)re\  iously  described  for  Sdnj^indla,  should 
be  included  in  this  category  of  developmental  selection. 
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Interfloral  selection  is  a  form  that  may  occur  between  the 

indmdual  florets  of  a  crowded  inflorescence,  such  as  the  head  of 
Compositae,  the  spike  of  maize,  or  the  umbelled  clu'^ter  of  (lowers 
in  Asckpi^s.  It  is  to  be  referred  back  to  a  struggle  between  the 
embr\'os  contained  in  the  ditTerent  flowers,  but  since  tJiis  competi- 
tion is  indirect,  it  is  not  usually  vcr\'  decisive.  The  process  is 
lesa  sechided  from  environmental  nilluences,  and  takes  on  a  form 
somewlua  similar  to  the  selection  between  vegetative  branches 
described  later.  Interfloral  selection  is  <>l  liltlc  consequence  in 
evolution  as  a  form  of  developmental  selection,  except  probably  in 
ran  ioBtances. 

Vegetative  foshs  of  hevelopmental  seuction.— Thus  far 
the  iqproductioiiai  phases  of  devdopmental  sdectikm  ha-ve  been 
the  chief  These  reprodudaonal  types  of  sekctkMi  aie 

by  far  the  most  important,  since  throogh  sental  r^roduction  new 
zygotes  combining  diverse  hereditaiy  strains  come  into  esdstence. 
The  developmental  selection  which  takes  place  duting  reproduction^ 
therefore,  is  a  kind  whidi  may  occur  between  diffeient  phenotypes, 
and  produces  results  that  are  genetically  very  significant. 

That  there  are  also  vegetative  forms  of  this  develo{Hn»ital 
selection  process  should  not  be  overlooked*  but  this  vegetative 
selection  remains  within  the  same  genotype,  unless  a  v^tadve 
mutation  occurs.  For  example,  the  branches  of  a  tree  are  in  a  state 
of  competition  for  Hglit  and  fa\'orable  exposure.  \  struggle  for 
development  was  suggested  long  ago  by  Mtti.LEK.  who  pointed  out 
that  there  are  many  times  more  buds  on  e\er}-  twig  of  a  tree  than 
can  j)ossibK-  develop  into  branchei.  W  hile  external  circumstances 
of  exposure  may  largely  determine  the  result  of  this  selection,  the 
merits  of  the  individual  buds  and  their  branches  are  also  responsible 
in  part  for  the  result.  If  bud  muLa'auns  occur,  this  vegetative 
belection  determines  at  once  wiiether  the>  shall  survive  to  reproduce 
themselves  later  or  be  eliminated.  The  principle  is  very  largely 
the  same  for  any  form  of  v^etative  selection,  whether  in  ^meb^ 
phyte  or  sporophyte,  by  the  dichotomy  of  thallus,  aerial  branches, 
stolons,  tubeis,  rhizomes,  or  roots.  When  practiced  for  the  pur> 
pose  of  obtaining  vegetative  mutation,  trad  selection  has  been 
called  clonal  selection.  Of  course,  it  is  evident  that  this  selection 
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does  not  belong  rigidly  to  the  categories  of  developmeiLtal  adectioiiy 
for  it  is  subject  veiy  laigety  to  external  enviioomeiital  conditions. 
It  is  not  entirely  in  the  eztemal  eavixomnent,  however,  since 
internal  physiological  correlations  are  concerned.  It  is  clearly  a 
type  of  selection  standing  between  natural  selection  and  de^ 
vdopmental  selection,  as  previously  indicated. 

Summary 

Embryonic  selection  and  gametic  selection  represent  the 
iniiK>rtant  forms  of  developmental  selection  found  among  pterldo- 
phytes.  Among  gyninosperms  the  gametophytes  plus  the  embryo 
usually  take  part  in  this  comi>etition,  and  among  angiosjMjrms  it 
is  t>picalU  a  competition  between  mal^  gametophytes  reprcacnted 
by  the  pollen  tubes.  The  important  r^roductive  developmental 
process  is  merely  shifted  to  an  earlier  stage  of  the  life  qrde  in  passing 
from  ferns  to  angiosperms, where  vegetative  and  other  less  important 
fonns  of  devdopmental  selection  are  also  found. 

Developaieatial  seledion  in  rektion  to  natvnl  aaledioii 

and  mutation 

It  is  very  evident  that  a  good  selective  process,  whether  develop- 
mental, artifidal,  or  natural  selection  is  meant,  should  meet  at  least 
the  following  four  requirements.  It  should  (i)  start  the  competi- 
tion simultaneously,  (2)  take  place  under  uniform  conditions,  (3) 
measure  comparable  merit,  and  (4)  rigidly  eliminate  the  great 
majority  that  fall  below  the  standard. 

First  it  should  launch  the  individuals  who  participate  into  the 
competition  with  an  even  start.  This  is  a  primary  requirement  in 
anv  kind  of  a  performance  race.  Well  fitted  is  the  process  of 
fertilization  to  launch  the  com}>etition  <)[  embryos,  as  lliis  is  a  i 
relatively  sudden  event,  one  which  may  happen  only  occasionally, 
and  may  be  simultaneous  in  producing  several  or  a  large  number 
of  zygotes.  Similarl\  the  shedding  of  sperms  from  an  antheridium 
pro\ides  an  even  start  in  the  competition  of  sperms,  with  a  deluiite 
goal  to  lic  leachctl  through  their  activities,  roliination,  especially 
when  the  pollen  is  transferred  in  masses  or- clumps  by  insects,  is 
another  more  or  less  sudden  event,  which  launches  the  competition 
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of  pollen  tubes.  All  of  these  events  which  start  the  various 
processes  of  deveiopmenUil  selection  are  superior  or  at  least  equal  to 
the  equivalent  initiatory  processes  of  natural  or  artiticial  selection. 
Ainoni,'  the  latter  seed  germination  which,  while  it  gives  a  fairly 
even  start  to  many  of  the  competitors,  is  a  more  variable  process, 
easily  modilied  h\  soil  conditions  or  delayed  and  unequal  germina- 
tion; it  is  slower  and  it  is  not  usually  as  ellicientiy  sifliultaneoiis 
as  pollination  or  fertilization. 

Sekctkn  between  vegetative  parts  b  also  initiated  by  the 
awakening  of  the  buds  in  the  spring,  a  process  which  may  be  more 
or  less  simultaneous  and  comparable  with  seed  gormination  under 
the  most  favorable  conditions.  Birth  and  the  hatching  ol  eggs  in 
animals  is  a  process  well  fitted  to  initiate  the  competition  of  natural 
selection.  It  is  apparent  that  the  processes  of  fertilization,  poUina* 
tion,  and  the  liberation  of  ^lerms  are  all  very  superior  means  of 
beginning  a  selective  process,  and  that  there  are  only  a  limited 
nuni!)er  of  these  events  in  the  life  cycle  of  an  individual. 

The  second  requirement,  that  the  competition  should  take  pi;  :e 
under  uniform  conditions,  is  one  in  which  developmental  selection 
excels,  while  natural  selection  is  very  inefficient.  Under  the  con- 
ditions of  isolation  in  pure  culture  in  artificial  selection,  the  environ- 
mental conditions  are  made  \cry  uniform,  but  even  here  the 
conditions  are  not  as  isolated  and  insulated  as  they  are  within 
the  ovule  of  the  pine  ><  cd,  or  within  the  tissues  of  tlie  stigma  and 
style,  where  pollen  tuho  mu-^t  carry  on  their  competition.  On  the 
other  iiand,  I  he  external  environment  where  natural  selection 
oc(  urs  is  exceedingly  complex  and  diverse. 

The  tliird  requirement,  that  selection  should  measure  equal 
merits,  is  also  one  in  which  natural  selection  falls  far  short  of  provld* 
ing  the  best  possible  i^echanism.  In  the  external  environment 
not  all  of  the  competing  individuals  which  are  "saved  "  are  required 
to  go  through  exactly  the  same  performance,  at  the  same  time,  in 
the  same  place,  and  under  the  same  conditions.  So  many  and 
varied  are  the  factors  that  mi^t  be  used  to  determine  survival, 
and  so  different  are  the  responses  of  plants  that  might  be  made  to 
them  in  obtaining  survival,  that  the  capacity  for  an  equal  perform- 
ance of  the  same  task  under  similar  conditions  is  not  measured. 
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but  rather  a  general  indefinite  all  round  fitness.  It  has  abeady 
been  shown,  however,  how  developmental  selection  sets  the  same 
task  for  all  the  oompetitoxs.  likewise  artificial  setectioa  sets  a 
uniform  standard  of  excellence  of  perfonnanoe  for  all  participants, 
but  a  standard  which  is  limited  by  the  powers  of  discrimination 
of  the  breeder. 

By  providing  a  very  uniform  medium  for  the  competition  of 
embr>'os,  pollen  tubes,  etc.,  and  by  forcing  rigid  elimination,  develop- 
mental selection  precludes  indiscriminate  sur\rival.  The  surviving 
plant  may  owe  its  existence  to  the  performance  record  of  its  parent 
pollen  tube,  ur  it  may  owe  its  existence  to  its  own  performance 
during  enibryonir  development;  but  in  any  event,  there  arc  very 
detinite  ineasures  some  kind  of  excellence  to  be  lived  up  to  on  a 
competitive  basis.  The  sur\i\inf^  individuals  constitute  a  class, 
selected  lor  their  >iij)criority  among  several,  among  dozens,  ur 
even  among  hundreds  of  other  individuals  which  were  destroyed  in 
this  competition.  Developmental  selection,  therefore,  is  not  open 
to  this  objection  wldch  has  been  urged  against  natural  selection. 

In  the  fourth  requirement,  devebpmental  selection  again 
excels,  while  natural  sdectaon  is  only  feebly  effective,  for  the 
defeated  individuals  are  rigidly  eliminated  in  developmental 
selection.  The  losers  in  the  environmental  competition  are  not 
always  destroyed  from  reproduction;  their  progeny  may  only  be 
diminished  somewhat.  Artificial  selection  also  meets  this  require- 
ment fully. 

In  connection  with  these  'spedal  features  of  developmental 

selection,  it  is  interesting  to  consider  some  of  the  objections  which 
have  been  raised  against  natural  selection.  One  of  these  ^ncems 
the  chances  of  death,  which  have  been  abl\  discussed  by  several 
evolutionists,  who  point  out  that  the  destruction  of  individuals  is 
ver>'  indiscriminate,  that  the  fittest  do  not  always  survive,  for  many 
of  them  are  destroyed!.  Likewise,  the  len^t  fit  do  not  always  perish. 
Thus  it  has  been  ur;.je(l  that  then-  i>  little  evidence  that  natural 
selection  actually  selects  an\  spet  itic  class  of  indivirluals  in  prefer- 
ence to  others,  in  fact,  .-^o  complex  is  the  enviromncnt  in  which 
natural  selection  must  son  out  the  superior,  that  accident  and 
chance  really  play  a  major  rdle.  .  • 
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Another  of  the  objectioos  which  have  been  uiged  against 
natural  setect&>n  is  that  this  theory  tests  altogether  too  laiigely  on 
an  unwananted  analogy  with  the  process  of  artificial  selection, 
although  this  supposed  analogy  was  a  very  convincing  argument 
in  the  hands  of  Darwin.  This  analysis  shows  how  natural  selection 
is  weak  in  at  least  three  out  of  four  of  the  requirements  in  which 
developmental  selection  excels,  and  how  a  much  closer  parallel  or 
analog}'  may  he  drawn  between  developmental  selection  and 
artiticial  selection. 

That  there  are  many  details  which  do  not  permit  a  close  parallel 
between  natural  and  artificial  selection  may  further  be  illustrated. 
For  example,  the  breeder  in  practicing  mass  selection,  plants  a 
large  number  of  seeds  in  a  uniform  soil,  and  seeks  to  eliminate  all 
other  en\  ironmenlal  dilTerences  wherever  j)ossible.  Pure  breeding 
in  isolated  cultures  is  possible,  and  at  some  deiinite  stiige  when  uie 
seedlings  come  up,  or  as  they  mature,  they  may  be  measured  and 
selected  by  vtry  nearly  the  same  standard  of  size  and  growth  vigor, 
color,  sise  of  fruit,  disease  resiataaoe,  etc.  Natucal  setectkm  miiflt 
necessarily  be  a  much  less  methodical  process.  In  nature,  survival 
must  be  determined  on  the  basb  of  a  total  or  all  round  fitness. 
Veiy  often  this  survival  is  purely  fortuitous.  Naturally  dis- 
seminated seeds  are  less  likely  to  germinate  simultaneously  in  a 
unifonn  environment  than  planted  seeds  in  a  cultivated  soil. 
If  seedlings  do  not  get  an  even  start,  are  not  growing  in  a  uniform 
environment,  are  not  measured  up  to  the  same  standard,  and  the 
unselected  are  not  always  destroyed,  survival  by  chanoe  plays  a 
vety  important  r6Ie,  and  their  apparent  competition  cannot  be 
one  of  the  greatest  consequence.  This  has  been  urged  as  a  very 
serious  objection  to  natural  selection  even  as  a  highly  efficient 
selective  mechanism,  aside  from  the  question  of  its  yxiwer  in 
originating  species.  {)b\iousl\  the  mechanism  of  developmental 
selection  is  much  better  tittcd  to  bring  about  a  competitive  form 
of  selectic»n.  It  may  be  considered  more  efficient  even  than 
artificial  selection,  where  uniformity  of  environment  is  only  approxi- 
mate, and  the  standards  of  .selt  c  tion  (iei>end  upon  the  discriminative 
powers  of  the  breeder.  Finally,  developmental  selection  makes 
possible  a  very  early  decision.,  which  is  doubtless  a  most  valuable 
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form  of  biological  economy,  another  feature  in  ivliich  developmental 
selection  excels. 

A  further  objection  which  has  been  made  to  natural  selection 
has  to  do  with  the  difficulties  that  are  involve  ]  in  <  xplaining  how 
the  first  stei)s  in  any  given  variation  may  be  of  selective  value. 
How  can  natural  selection  influence  a  structure  whose  advantage 
is  to  be  reached  only  at  some  future  time,  after  the  results  of  the 
selection  are  achieved?  Thi'i  f'^  asking  natural  selertinn  to  pass 
on  a  prophecy.  Developmental  selection,  howc^•er.  is  a  form  of 
selection  which  can  act  on  some  very  small  quantitative  characters. 
F(ir  example,  by  playing  on  such  features  as  minute  differences  in 
suspensor  length  and  rate  of  growth  in  gyninosjicrfii  ,  or  a  rapid 
pollen  tube  penetration  in  seed  plants,  developmental  selection 
brings  about  a  positive  selection  for  minute  differences  in  these 
parliiular  characters.  It  may  be  asked  how  this  selection  for 
embryonic  or  pollen  tube  vigor  could  in  any  way  affect  a  selection 
for  other  characters.  The  answer  is  found  in  linkage  of  characters. 
A  sporophyte  diaracter  of  the  mature  plant  must  be  linked  with 
the  factors  produdng  either  vigorous  suspenaors  and  embryos, 
or  vigomus  poUen  tubes  in  the  gametoi^yte  stage. 

CoBX£NS  found  just  such  a  case  in  MdoMdrhm^  which  was 
referred  to  previously,  in  which  the  female-determining  pollen  tube 
has  the  quality  of  growing  slight^  faster  than  the  male-determining 
pollen  tube.  Judging  from  his  account,  this  linkage  b  probably 
not  an  exceedingly  close  one,  as  he  states  that  there  are  some 
male-determining  pollen  tubes  that  grow  faster  than  the  slowest 
female-determining  pollen  tubes.  Such  a  condition  may  be  due 
to  the  well  known  crossing-over  phenomenon  associated  with 
linkage,  between  the  sex  factor  and  the  gene  or  genes  producing 
rapid  pollen  tube  growth.  If  factors  affecting  the  rate  of  pwUen 
tube  growth  should  become  linked  with  quantitative  factors, 
which  are  usually  multi[)le  factors  affecting  the  size  of  an  organ 
or  part,  it  is  easy  to  understand  how  developmental  seleclioii  can 
play  on  them  indirectly  through  thtir  linkages.  \n  accumulation 
of  the  effect  of  this  selection  would  account  for  the  building  of  a 
new  structure.  Uf  course  natural  selection  can  also  |)Iay  on  such 
a  character  or  structure  when  it  ur  a  factor  Linked  with  it  has  become 
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distinctly  useful  or  harmful  to  the  organism,  but  not  before  the 
structure  is  present. 

Darwin  recognise!  such  linkage,  calling  it  correlative  varia- 
bihty.  He  accounted  for  man\  useless  characters  by  assuming  their 
linkage  with  other  factors  which  arc  sulilcienll)  useful  to  have  a 
survival  value.  It  has  already  been  shown,  however,  that  there  is 
great  difficulty  in  definitely  pointing  out  that  certain  characters 
are  actually  acted  upon  in  the  environnient  by  natural  selectioa 
on  a  consistent  basis.  In  developmental  selection  there  is  no  doubt 
about  a  definite  selection  talcing  place^  and  the  ezpetimental 
evidence  that  certain  adult  sporophyte  characters  are  linked  with 
the  gametophytic  or  embryonic  factois  having  definite  values  in 
selection  is  also  available. 

This  will  also  explain  the  production  of  overdeveloped  structures, 
or  those  having  no  advantage  to  the  organism.  Suppose  the 
factors  determining  the  length  or  shape  of  the  spines  in  the  ends  of 
some  pine  cone  scales,  or  other  useless  details  of  the  plant,  should 
become  linked  with  Xhv  nvnes  producing  either  the  most  vigorous 
pollen  tubes  or  cmbr\'os.  there  is  no  doubt  that  the  selection  for  the 
pollen  tubes  or  the  embryos  would  result  in  the  selection  of  the  ot  her 
tluiractersin  the  same  linkage.  The  spines  would  then  be  selected 
in  or  out.  as  the  case  may  be.  by  developmental  selection.  Details 
of  variations  or  mutations,  be  they  ever  so  small,  may  either  tend 
to  disappear  or  become  fixed  or  overdeveloped,  as  they  are  afTecLed 
by  this  interna!  selective  mechanism.  Such  phenomena  of  deter- 
minate variations  and  evolution  in  dctinite  directions  have  long 
been  recognized,  and  have  been  attributed  to  a  principle  called 
orthogenesis.  The  mechanism  of  developmental  selection  described 
here  looks  very  promising  as  a  means  of  accounting  for  many 
orthogenetic  phenomena. 

It  is  probably  needless  to  pomt  out  that  many  characters  irould 
not  be  linked  with  these  factors  involved  in  devekpmental  selection 
at  all.  These  would  remain  unaffected  by  the  developmental  selec- 
tion processes.  Among  these  most  of  the  heritable  characters  that 
have  been  studied  by  the  Neo-Mendelians  are  to  be  found.  The 
genes  of  these  characters  segregate  independently  of  the  factors 
affected  by  this  selective  mechanism,  and  yield  MendeUan  ratios  in 
the  e3q[>ected  pn^rtions.  Among  those  wJiich  should  probably  be 
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classed  as  the  ones  affected  by  some  form  of  developmental  selection 
are  many  of  the  lethal  factors  that  have  been  described  in  some 
plants.  It  has  been  shown  by  Little  that  some  kind  of  cmbr\'onic 
selection  is  responsible  lor  the  non-appearance  of  homozygous 
yellow  mice  whose  inheritance  was  studied  earlier  by  Cuenot, 
No  attempt  wiii  be  made  to  discuss  here  the  lethal  factors  of 
Drosophila  in  tiiis  connection,  but  doubtless  tnan\-  things  whose 
inheritance  would  follow  the  lethal  type,  could  be  caused  by  a  kind 
of  embr)'onic  selection  mechanism. 

The  origin  uf  the  variations  or  niutations  is  another  problem. 
Chromosomal  phenomena,  such  as  gene  mutations,  the  chromosomal 
mutation  of  non-disjunction,  etc,  are  probably  able  to  account 
for  the  actual  origm  of  many  variations.  Similarl>  bud  mutations 
and  other  heritable  vegetative  variations  would  also  be  accounted 
for  1^  some  type  of  nudear  or  intraodlular  phenomena,  they 
would  be  played  upon  by  devetopmental  selection  even  before  their 
outward  manifestations  are  reoognind.  These  mutations  may  also 
be  acted  upon  by  natm:al8e]ectioii  if  they  possess  some  very  marked 
advantage  or  disadvantage.  It  Is  in  this  connection  that  develop- 
mental sdection  has  a  very  definite  r6le  in  the  origin  and  heritability 
of  some  mutations.  Only  those  variations  which  are  not  affected 
by  developmental  selection  could  reappear  regularly  or  give 
consistent  Mendelian  results.  The  outcome  of  <kvelopmental 
selection  may  be  so  decisively  against  a  mutation  that  it  may 
seldom  recur.  On  the  other  hand,  if  the  mutation  is  closely  linked 
with  a  factor  greatly  favored  by  <ie\elopniental  selection,  it  may 
reappear  as  if  ti.xed.  even  though  the  pollen  produced  is  heterozygous 
for  it.  Thus  we  can  understand  how  e%en  the  discovery  and 
recognition  of  the  mutations  themselves  dcpeiui  upi>ri  whether 
they  reappear  in  the  next  life  c>  cle,  and  thus  pass  the  censorship 
of  the  developmental  selection  machiner\'.  Developmental  selec- 
tion is  doubtless  responsible  for  the  recognizabilit}'  of  some  varia- 
tions as  mutations,  but  we  have  no  evidence  that  it  could  be  held 
responsible  for  the  chromosomal  phenomena  themselves. 

Summary 

I.  The  process  of  developme&tal  selection  is  a  normal  event 
or  aucoession  of  events  m  the  life  cyde  of  vascular  plants,  where  it 
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assumes  \  arious  forms,  being  represented  ( hiefly  by  embryonic 
selection,  f^'unietophvLic  ^election.  ;infl  jjametic  selection. 

2.  Dcxelopmcntal  selecLiun  iiincL>  maLcrially  from  aatural 
selection,  germinal  selection,  the  intrasdection  of  Roxjx,  as  well 
as  the  other  selection  theories. 

3.  Records  of  oonspicuous  cases  of  polyembryony  i&  fens  are 
bnmght  together.  Original  studies  are  added,  oonstitutiiig  definite 
evidence  that  a  selective  jduraSty  of  embryos  may  normally  eiist 
even  in  the  leptosporangiate  ferns.  Nearfy  all  living  ferns  seem 
to  have  embryonic  selection,  or  show  evidence  of  having  passed 
throiigli  a  stage  in  which  embryonic  selection  was  the  normal 
condition.  The  embiyonic  selection  represented  by  the  pdly- 
embr>'ony  of  gymnoqperms  was  derived  from  an  embryonic  selection 
habit  in  their  fern  ancestors. 

4.  Developmental  selection  in  g>innoaperms  and  angiosperms 
is  not  only  represented  by  a  selection  among  embryos,  but  also  by 
a  selection  between  female  gametophytes  and  the  male  gameto- 
phytes  represented  by  the  pollen  tubes. 

V  A  form  of  selection  intermediate  between  natural  selection 
and  developmental  selection  may  be  reroij^ized  in  the  competition 
between  buds  and  Ijranches  o\  a  <i>oropliyte  or  a  branching  thallus. 

<■).  I)(\t>loj)mental  selection  is  a  process  whieh  brings  into  play 
a  delinile  int<  rnal  lompetition  between  embry<)iiu  diploid  individ- 
uals, as  well  as  between  the  haj)loid  >pernis  of  fern  plants,  and  the 
haploid  mule  and  female  game to[)h vies  of  g>TOnospcrms  and 
angiosperms.  On  the  other  hand,  natural  selection  usually  acts 
on  the  diploid  generation  In  these  plant  groups,  or  on  the  haploid 
fern  gametophytes,  where  selection  may  take  place  in  the  external 
environment. 

7.  The  discussion  seeks  to  show  why  the  process  of  develop- 
mental selection  is  not  open  to  the  more  serious  objections  whidi 
have  been  urged  against  natural  selection,  and  on  what  basis  it 
equals  or  excels  the  latter  as  an  effective  selective  process. 

8.  The  discussion  also  shows  how  developmental  selection  may 
account  for  some  of  the  phenomena  of  orthogenesis  on  a  mechanical 
basis. 

9.  Developmental  selection  is  not  responsible  for  the  origin  of 
the  chromosomal  or  other  intracellular  phenomena  invohml  in 
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(M::  mutatkm,  but  it  is  a  powerful  mechanism  whose  censorship  may 

xsudi  determine  whether  or  not  any  particular  intracellular  phenomena 

'ja)i;z  causing  mutation  may  coiiq>lete  the  life  ^de  to  be  heritabie,  and 

w  cr  i:  therefore  reoagnizable  as  a  mutation. 
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BIOCHEMISTRY  OF  PLANT  DISEASES 
m.  EFFECT  OF  SCLEROTINL\  CINEREA  ON  PLUMS» 

J.J.    Will.  AM  AIM    AND   W.  M.  SANOSTftOII 

(with  seven  riGURES) 

From  the  viewpoint  that  a  fungus  attacks  a  host  plant,  not  to 
destroy  it,  but  to  gain  a  livelihood,  it  becomes  of  interest  in  the 
study  of  the  chcmistr\^  of  resistance  to  discover  M-hy  a  fungous  can 
parasitize  some  varieties  of  a  host  and  not  others.  There  may  be 
several  bases  ff»r  this  ditTcrcnce:  fi)  the  structure  oi  the  resistant 
host  may  offer  mechanital  ditTiculties  to  the  entrance  of  the  para- 
site; (2)  the  host  may  contain  or  produce  repellent  substances, 
such  as  tannins,  acids,  antienzymes,  and  antibodies:  or  (3)  the 
host  may  fail  to  furnish  the  j)rojier  kinds  and  amounts  of  nutrients 
for  the  nonual  development  of  tiie  fungus. 

Each  of  these  possibilities  has  received  some  attention  at  the 
hands  oC  investigators;  but  the  two  latter,  constituting  what  may 
be  called  the  liiocfaenikal  basis  of  resistance  and  su8cq>tibilityy  have 
teceived  the  least  Itwasdedded,theiefoce,toattadLthepioblem 
of  resistance  and  susceptibility  in  plants  from  the  standpoint  of  the 
mitiition  of  the  pansite»  using  the  btown  rat  orgai^sm  of  stone 
fruits,  SderoHma  cinena,  as  the  experimental  organism.  The  first 
paper  in  'this  series  dealt  with  the  vitamine  requirement  of  the 
fungus  (53),  the  second  with  its  relations  to  the  pectic  substances 
of  the  host  (53) ;  the  present  paper  deals  with  the  composition  of 
certain  varieties  of  phmis,  and  the  changes  in  composition  brought 
about  during  the  process  of  rotting  by  the  fungus. 

irnvwvm  WvTK 

Cook  and  TAUiiEXiiAUS  (16,  17)  found  that  a  great  many  fungi 
are  ver\-  sensitive  to  tarmin,  and  they  believed  that  this  could  Ijc 
a  hmiiing  lactor  in  their  ability  to  attack  certain  plants.  In 
general,  parasites  are  more  sensitive  to  tannin  than  saprophytes. 

'  Published  with  the  approval  of  the  Director  as  Paper  no.  236,  Journal  Series, 
MinnesoU  Africultunl  Ei^Krinent  Station. 
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They  demonstrated  an  oxidizing  enzyme  that  produces  tannm 

from  gallic  suid,  and  found  that  the  abundance  of  this  enzyme  in 
fruits  is  correlated  with  their  resistant  properties.  Bassett  and 
Thompson'  (3)  studied  this  cnr\-mc  still  further.  Knudson  (37) 
found  that  Aspergillus  and  FenicUlium  can  utilize  tannin  as  a  source 
of  rarbon,  by  means  of  the  enzyme  tannase.  That  genera  and  even 
species  within  a  genus  vary  greatly  in  their  sensitiveness  to  tarmin 
was  shown  b\'  Cook  and  VVlLSON  (18)  in  studying  the  chestnut 
blight.  In  the  case  of  Sderotinia,  \  Ai.iJuAU  (46)  failed  to  find  any 
correlation  Ijetween  tannin  content  and  resistance  in  plum  varieties. 

In  recent  >'ears  considerable  attention  has  been  gi\  en  by  investi- 
gators to  the  relation  between  the  H-ion  concentration  of  the  soil 
and  that  of  the  plant,  and  between  the  latter  and  its  resistance 
properties.  Jsk  191a  C011B8  (15)  announced  that  the  wheats  that 
were  more  resistant  to  lust  had  more  acid  saps,  and  that  fertilisers 
which  would  Increase  the  acidity  of  the  sap  would  convey  added 
immunity  to  the  plant.  Although  others  have  since  failed  to  cor- 
roborate these  statements,  positive  coirelatiaos  have  been  estab- 
Inhed  between  the  addtty  of  the  soO  and  the  occurrence  of  potato 
scab  (aSf  h)*  between  the  aci(Uty  of  grape  saps  and  their  resistance 
to  disease  (a),  between  the  H*ion  concentration  of  soil  and  that 
of  the  plant  juice  (14,  45),  and  between  spinach  mosaic  and  the 
PH  value  (27).  On  the  other  hand,  a  lack  of  correlation  between 
tlie  acidity  of  the  host  and  its  resistance  properties  has  been 
found  in  the  case  of  potatoes  toward  Pythium  deharyanum  (32), 
PhylopJdhora  infestans  (35),  and  Chrysophiyt  tis  cndohiotica  (50). 
W  AGXER  (47,  48")  noticed  that  certain  plants  increased  their  acidity 
when  infected  with  bacterial  pathogens.  The  acidity  returned  to 
normal  after  a  brief  perio<i,  unless  the  plant  were  unable  to  with- 
stand the  attack,  in  which  case  there  took  place  a  sudden  fall  in 
acidity  much  below  nonnal.  the  death  of  the  tissue,  and  then  a 
post  mortem  rise  in  acidity.  The  relation  of  H-ion  concentration 
to  the  metaboli'-m  of  funiii  and  bacteria  has  received  some  atten- 
tion (25,  38,  49).  Schmidt  and  lIoAGLA^a)  (41)  give  an  extensive 
bibliography  on  the  relation  of  bacteria  to  the  reaction  of  the 
medium.  In  general  the  fungi  have  been  found  to  be  less  sensitive 
than  bacteria  to  the  reaction  of  the  medium,  and  heoce  fewer 
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Instances  are  known  where  the  reaction  of  the  sap  is  a  controiling 
fector  In  a  fungus  disease.  In  iHe  case  of  Sclerotinia  dnerea  no 
measurements  have  been  made  of  its  relation  to  the  ?■  value  of 
the  medium,  except  some  rough  titrations  made  by  Cooley  (19) 
on  cherry  juic^  which  showed  that  this  fungus  can  grow  and  sporu« 
late  through  a  considerable  range  of  acidity  and  alkalinity. 

Many  investigators  have  sought  for  the  mechanism  by  which 
fimgi  penetrate  through  the  tissue^;;  of  the  host  plant.  Without 
going  into  the  voluminous  literature  on  this  subject,  it  may  be 
said  that  several  different  ways  have  been  found:  (i)  by  mech- 
anical pressure,  (2)  by  enzymes  which  dissolve  either  the  cell 
walls  or  the  middle  lamellae  (12, 13,  19,  46,  53,  54),  and  (3)  by  toxic 
substances  other  than  euzvTnes,  esp)ecially  oxalic  acid  (6,  7»  9» 
13,  29,  42,  46,  53,  54).  Coo  LEV  found  oxalic  acid  produced  by 
S.  dnerea  in  small  amounts,  and  Vaxjlbau  demonstrated  that 
solutions  of  this  add  would  disintegrate  tissues,  probably  by 
removal  of  caldum  from  the  pectic  material  of  the  middle  lamella. 

The  changes  In  composition  which  tissues  undergo  when  rotted 
by  organisms,  and  the  differences  hi  composition  between  resistant 
and  susceptible  varieties,  have  received  considerable  attention. 
One  of  the  earliest  of  such  studies  was  by  Bebkbms  (4},  who  used  a 
number  of  fungi,  among  them  SdenOima  /mcUgena,  on  apple. 
Reed  (39)  found  that  Gl&mereUa  not  only  decreases  the  addity  of 
apples  and  of  s}  nthetic  media,  but  actually  makes  the  latter  aJka- 
Une.  Hawkins  (28)  found  that  Gl&mereUa  dngulaia  grown  on 
peaches  could  hydrolyze  and  assimilate  the  pentosans,  as  well  as 
utilize  the  monosaccharides,  but  that  6'.  dnerea  could  not  utilize  the 
pentosans  of  the  peach  (29).  In  the  latter  case  there  was  an 
increase  in  titratable  acidity  during  the  rotting.  In  the  case  of 
potato  tubers  infected  with  \  arious  species  of  t'usarium  (31)  there 
decrease  in  sucrose,  reducing  sugars,  pentosans,  galactans, 
and  dry  matter;  an  increase  in  crude  fiber,  due  to  iis  fonnation  in 
the  hyphae  of  the  fungi;  and  no  change  in  the  starch  and  methvl 
pentosjuis.  Bisby  (6)  and  Ku.son  (21)  also  rep(.>rted  no  etTc».l  uii 
the  M larch  of  potato  tubers  by  certain  fungi,  and  suggest  that 
potato  starch  could  be  made  from  rotted  tubers.  Valleau  (46) 
e«»Tiiinfd  znany  plum  varieties  as  to  their  content  of  tannin,  but 
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could  find  no  correlation  between  this  factor  and  their  resistance 
to  brown  rot.  Culpepper,  Foster,  and  Caldwell  (ao)  made 
detailed  analyses  of  apples  infested  with  Sphaeropsis  vialonim,  and 
found  that  the  rotted  fruit  had  undergone  considerable  loss  ia  dry 
matter,  a  loss  in  alcohol-cthor-wiiter-alcohol  extractives,  an  increase 
in  protein  nitroj^en  and  in  jjrotein  phosphorus,  a  transfer  of  mincrnk 
from  the  insoluble  to  the  soluble  fraction,  a  loss  in  total  sugars, 
mostly  in  the  monosaccharides,  a  dei  reasc  in  titratable  acidity, 
and  a  marked  increa<;e  in  alcohol.    Starch  was  not  alTected. 

Stevens  and  Hawktns  (43I  adoiJted  a  pn)ceHure  that  eluci- 
dates the  progressive  chanj^es  during  rotting,  by  analyzing  \i)  the 
fresh  strawberr>-  lnjit>,  {2)  the  .^ound  fruit  after  storage  under  the 
same  condition  ;is  the  inoculated  iruit,  and  (j)  the  fruit  inoculated 
and  rotted  by  Rhizo^us  nigricans.  These  three  samples  show  the 
parallel  changes  in  sound  and  infected  fruit.  They  found  that  the 
acids  in  the  sound  fruits  decreased,  probably  due  to  respiration, 
and  that  the  adds  decreased  to  A  less  extent  in  the  rotted  fruit. 
The  authors  believed  this  to  be  due  to  an  interference  with  the 
tissue  respiration  by  the  fungus  and  not  to  the  production  of 
ammonia.  Sucrose,  reducing  sugars',  and  dry  matter  decreased 
more  rapidly,  in  infected  than  in  sound  fruit.  The  fungus  causes 
the  tissue  to  soften  and  to  become  watery,  but  whether  this  is  due 
to  the  death  of  the  cell^  or  to  an  anesthetic  effect  is  still  an  opien 
question.  Stevens  and  Morse  (44)  reported  that  in  the  end  rot 
of  cranberries  there  is  a  marked  decrease  in  sugars,  while  the 
p-  'xirnate  constituents  remain  fairly  constant.  The  protein,  fiber, 
and  <i>h,  however,  show  such  relative  increases  as  w*ould  be  expected 
from  the  loss  of  dry  matter  by  respiration.  Giddtxcs  (22)  and 
Russell  (40^  reporte'd  thv  inauguration  of  studies  on  ai3i>le  leaves 
and  on  potato  tubers.  re>i)ecti\ ely,  to  detenuine  the  chemical 
basis  of  resistance,  but  they  olier  no  ( Diu  hisions  as  yet. 

RccentK-  x  veral  papers  have  appeared  which  deal  with  the 
nitrogen  distribution  ul  di3ca,:.cd  plant  tissues,  and  which  promise 
to  furnish  a  new  line  of  attack  on  these  problcma.  Bu^ncqlet 
(10,  11),  working  with  the  mosaic  disease  of  tobacco,  Streptococcus 
solani  on  potato,  and  B.  morulans  on  beet  leaves,  reported  that 
nitrites  and  ammonia  were  mvariably  found  in  diseased  but  never 
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m  healthy  parts.  The  amount  of  nitrites  was  proportional  to  the 
hitensity  of  the  pathologic  condition.  The  reducing  organisms 
were  mostly  in  the  vascular  tissues.  The  reduGtioa  of  the  nitrates 
brought  about  nitrogen  starvation,  with  a  consequent  }  eno\\ing 
and  distortion  of  the  aflfected  tissue.  In  a  field  where  potatoes  had 
been  <]Town  continuously  for  fifteen  years,  nearly  even,-  vine  was 
aliectcd  wth  nitrogen  sUirvalion,  althouj^h  the  soil  contained  an 
abundance  of  nitrates.  In  tobacco  mosaic  it  was  observable  that 
the  plants  tended  to  oppose  these  chemical  force-  both  by  morpho- 
lofiical  and  by  physiological  means;  thus  the  iccondar)-  organs  were 
reduced  in  size,  more  water  was  transpired,  and  the  oxidizing 
enzymes  showed  greater  activity. 

JODiDi,  MuLLTUN,  and  Marklev  (34)  made  a  detailed  dissec- 
tion of  the  nitrogen  constituents  of  spinach  mosaic,  and  found 
evidences  of  draitrification,  due  to  the  production  of  nitrites  and 
their  subsequent  action  an  amino  nitrogen  groups.  In  cabbage 
mosaic  (33)  a  similar  condition  was  found,  hence  nitrogen  starva- 
tion is  believed  to  be  the  cause  of  the  abnormal  appearance  of  the 
leaves  in  these  diseases.  It  is  to  be  regretted  that  BongqXtet  and 
BoKCQinsT  give  none  of  their  methods  of  analysis,  nor  any  data 
whatsoever  in  their  papers. 

ICatarfad 

Five  varieties  of  i^ums^  grown  at  the  XJnivernty  Fruit  Breeding 
Farm  at  Excelsior  in  1920,'  were  selected  for  the  work.  Three  of 
them  show  marked  resistance  to  the  attadcs  of  the  brown  rot  fungus, 
while  the  other  two  are  very  susceptible.  Samples  were  picked  at 
three  stages  of  growth:  (i)  when  half  grown,  (3)  when  fuUy  grown 
and  just  beginning  to  ripen,  and  (5)  when  fully  ripe,  but  still  on 
the  tree.  In  most  cases  each  sample  was  divided  into  three  por- 
tions. One  portion  was  analyzed  immediately,  another  was  inocu- 
lated with  a  pure  strain  of  Sclerolinia  cinerea  and  placed  in  a  moist 
chamber  to  rot,  and  a  third  portion  was  placed  in  a  moist  chamber 
without  inoculating  and  left  for  the  same  length  of  time  as  the 
rorre-ponding  inoculated  portion.  The  inoculations  were  made  by 
injecting  a  suspension  of  spores  with  a  h>-podcrmic  syringe  into  the 
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tissues  of  the  plums,  after  the  latter  had  been  sterilized  with 
mercuric  chloride.  The  plums  were  left  to  rot  as  long  a  time  as 
was  practicable,  which  wa?,  usually  from  five  to  days  after 

all  the  tissue  had  turned  brown  to  the  stone.  The  same  degree  of 
rotting  was  not  obtained  in  all  cases,  since  this  cannot  readily  be 
judged. 

Methods 

Preparation  foe  amalitsis.— In  preparing  the  samples  for 

analysis  the  stones  were  removed,  the  pulps  frozen  in  an  ice  and 
salt  mixture  for  three  hours,  ground  in  a  food  grinder,  and  pressed 
in  a  h)-draulic  press.  All  manipulations  were  maintained  as  uni- 
form as  possible  throughout  the  series.  The  expressed  juice  was 
then  used  for  all  the  subsequent  analyses.  Harvey  (26)  lias  shown 
that,  in  order  to  obtain  the  true  Ph  of  a  juice,  the  latter  should  be 
expressed  wilnout  freezing,  since  the  freezing  precipitates  certain 
proteins  and  thu^  changes  the  H-ion  concentration.  This  fact  had 
to  be  ignored  in  the  present  instance,  however,  since  the  determina- 
tion of  the  other  solutes  must  be  made  on  juice  from  frozen  tissue, 
and  since  the  amount  of  material  available  was  not  lai^ge  enough 
to  admit  of  two  samples  of  juice  being  taken  in  each  case.  It 
ought  be  of  interest  to  record  tiie  resultsof  a  shi^  test  of  the  effect 
of  freezing.  The  material  was  some  seedling  plums  about  one-third 
grown. 

Fnaen  UnfioaRi 

Fecoentage  of  pulp  obtained  as  juice   70  60 

P«   X.67  1.48 

Specific  gravity. — The  specific  gra\  ity  was  obtained  by  means 
of  a  Westphal  bakmce,  alter  tlie  juice  had  stood  at  least  an  hour. 

TiTRATABLE  ACIDITY. — ^Bccatise  of  the  high  pigmentation  of  the 
juices- soon  after  e^wession,  titiation  by  means  of  an  indkator  was 
impossible;  hence  the  dectrical  conductivity  method  was  employed. 
Thepeakof  the  curve  could  be  read  with  an  error  of  about  ^  0.3  cc 
0.1  N  NaOH. 

Hydkogen-ion  concentration.— The  electrometric  method 
was  used  for  determining  the  ?■  of  the  juices.  Considerable 
trouble  was  experienced  with  the  poisoning  of  the  electrode  by  the 
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jukes,  but  with  care  in  the  renewal  of  the  platinum  an  aocuia^  of 
0.3  millivolt  was  obtained. 

Tannin. — The  Procter-Ldweathal  method  as  detailed  in  the 
Official  Methods  (i)  was  used. 

OxAUC  ACID. — ^In  the  case  of  the  juice,  40  cc.  were  treated  with 
80  cc  of  9$  per  cent  alcohol,  filtered,  washed,  aiid  made  up  to  soo  cc. 
Aliquots  of  this  were  used  for  oxalic  and  for  mafic  and  tartaric 
adds.  For  oxalic  the  alcohol  was  evaporated,  the  material  neutral' 
zed  with  a-mmonia,  acidified  with  acetic  acid,  filtered  if  necessary, 
treated  with  calcium  acetate  in  the  hot,  the  calcium  oxalate  filtered 

and  titrated  with  permanganate.  The  precipitate  no  doubt 
was  impure,  as  it  adsorbed  some  coloring  matter,  but  a  satisfactory 
end  point  was  obtained,  and  thp  results  are  at  least  comparatne 
In  the  case  of  the  residue,  10  gni.  was  digested  with  75  cc.  of  0.8 
per  cent  hydrochloric  acid  for  one  hour,  to  liberate  np.v  oxalate 
existing  in  the  residue  in  the  form  of  the  calcium  salt.  The  extract 
was  treated  as  in  the  case  of  the  juice. 

Nitrites. — ^The  qualitative  test  with  a-naphthylamine  and 
huliajiilic  acid  was  used. 

Protein  and  non-protein  nitrogen. — Trichloracetic  acetic 
add  was  used  as  the  protein  precipitant.  Bush's  (8)  copper 
hydrate  metfiod  was  tried  in  compamon  widi  tiie  tridiloracetic 
add.  Since  the  latter  gave  the  same  results  and  is  simpler  to  use, 
it  was  adopted.  Twenty  cc.  of  juice  plus  20  cc.  of  25  per  cent 
trichloracetk  add  were  allowed  to  stand  oveini^t,  and  the  nitro- 
gen m  a  fihrate  deteimined.  In  the  case  of  the  residue  a 
weighed  sample  was  extracted  with  boiling  water,  and  the  filtered 
extract  treated  with  the  protein  piec^itant.  It  was  realized  that 
in  the  case  of  the  residue  two  factors  for  predpitating  proteins  were 
used,  heat  and  the  trichloracetic  add.  This  fact  mi^t  give 
incomparable  results  on  the  two  set^;  of  samples,  but  there  was  no 
other  apparent  way  of  getting  the  data  on  the  residue. 

Mauc  and  tartaric  acids. — ^The  o])tiial  method  (51)  for 
obtaining  these  two  acids  in  the  same  solution  was  used,  since  it 
was  thought  possible  that  both  were  present,  altliougli  Bigelow 
and  Di  NU.VR  (5)  found  only  malic.  If  only  one  of  the  two  acids 
be  present  when  this  optical  method  is  used,  the  rotation  readings 
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should  indicate  aeio  for  the  one  absent  In  applying  the  method 
to  the  phm  samples,  the  results  in  general  did  give  aero  values  for 
tar^^iic.  In  some  cases,  however,  positive  values  were  obtained, 
and  in  others  even  negative  values.  Since  these  anomalies 
indicated  the  presence  of  some  interfering  substance,  it  was  found 
necessaiy  to  reject  all  the  data  on  these  two  adds;  hence  they  are 
not  presented  here,  although  it  was  deemed  well  to  record  this 
faihtre  of  the  double  polarizatian  method  on  phnn  juices. 


Characteristics  of  rot. — In  table  I  are  listed  the  varieties  of 
plums  used,  the  abbreviations  for  these  varieties  used  throughout 
this  paper,  the  dates  of  taking  samples,  and  the  length  of  time 
required  for  rotting  in  each  case.  Probably  the  same  degree  of 
rotting  was  not  obtained  in  all  cases,  but  the  relative  rates  of 
progress  of  the  fungus  attacks  are  no  doubt  fairly  well  indicated 

TABLE  f 

'  SAKPuiia  DATA  im  vAunm  or  wvom  jjssd 


Roi-t.irit 

BurUnk  X\V,.lf  o 
fiurbank  xW.ilf  ifi 
AbuncknceXV^olf  jo  

Compass  

Saad  Cherry  X  Formosa. 


H  XWid  or  \t' 
AXWjoorjo 


C 
SCP 


Staox  I. 
HALT  OMnnr 

StaoOU, 

Pteked 

Days 
to  Art 

FkfcKl 

D»y» 

In|UBvu 

to  ret 

Pidwi 

iiNjulrad 
tone 

July  1 1 
July  I.- 
Juiy  i« 

July  1 1 
July  1 2 

«S 
«3 
13 

« 
lo 

Aup  ;  5 

»7 
i8 

All*,  ji 
Au^.  iS 

»5 
«S 

Auk.  J 
Aug.  3 

II 

Aus.  20 
Aug.  II 

It 

la 

by  the  figures.  It  is  dear  that  the  varieties  listed  the  horti- 
culturists as  resistant  are  considerably  more  slowly  rotted  than  are 
the  susceptible  varieties.  There  is  more  difference  in  this  respect 
in  the  earlier  than  in  the  later  samples.    This  is  in  accordance  with 

the  commonly  observed  characteri.^tics  of  fruit  diseases,  that  in 
general  they  become  less  resistant  as  maturity  approaches.  Because 
of  this,  the  lirst  set  ot  samiilcs  was  observed  more  keenh-  than  the 
followin«j  ones,  and  some  interesting  points  were  noted,  in  con- 
nection with  the  rate  of  spread  of  the  rot,  the  time  required  for 
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the  surface  of  the  fruits  to  become  brown  was  recorded,  as  shown 
in  table  II.  These  figures  show  the  same  slower  rate  of  rotting  of 
the  resistant  varieties. 

TABLE  II 

Behavior  of  various  plum  varieties  toward  rotting  organism  at 

first  stage  of  growth 


Vauxtizs 


Resistant 

BurbankXWoIf  9  

BurbankXWoIf  16  

Abundance  X  Wolf  30  

Susceptible 

Compass  

Sand  CheiT>'X Formosa.. 


Days  requibed 

rOX  SUEEACE 
TO  BECOME 
BBOWN 


»3 

7 

6 

S 
S 


Davs  required 

rOB  COMPLETE 
BOmNG 


IS 
»3 
»3 

9 
10 


Relative  abukda((ce  on 

BUBFACE 

or 


Hypbae 

Spores 

+  + 

+ 

+  +  + 

+ 

+  +  + 

+  +  + 

+  +  + 

++  + 

+  +  + 

i. 


Fig.  t  Fig.  a 

Figs,  i,  2 — Fig.  i,  dish  of  BurbankXWoIf  16  plums  at  end  of  rotting  period  in 
half-grown  stage  of  growth  (table  II),  showing  abundance  of  hyphae  on  surface  and 
relative  scarcity  of  s[X)re  tufts;  fig.  2,  dish  of  Abundance  X Wolf  30  plums  at  end 
of  rotting  period  in  half-grown  stage  of  growth  (table  II),  showing  abundance  of 
sporulation  and  scarcity  of  hyphae  on  surface. 

Another  varietal  difference  was  the  character  of  the  aerial 
portions  of  the  fungus,  especially  as  to  the  relative  abundance  of 
spore  tufts  and  of  h>'phae.  These  data  are  recorded  in  table  II. 
Although  the  differences  among  the  varieties  were  well  marked, 
they  are  not  correlated  in  any  striking  way  with  resistance 
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chaxacteis.  The  suaoqrtible  vaiietitt  show  more  abundaiit  aerial 
gnnvth  of  both  sorts  than  do  the  resistant.  Possibty  the  amount 
of  suifiBce  growth  is  dependent  on  the  vigor  of  the  subsurface 
growth,  and  the  latter  is  no  doubt  less  in  the  resistant  varieties 

(figs.  I,  2). 

Another  varietal  characteristic  was  the  relative  firmness  of  the 
rotted  fruit.  The  sound  fruit  of  the  resistant  varieties  was  some- 
what more  firm  than  that  of  the  susceptible,  particular!)-  in  the 
ripe  stage.  After  rf)tling,  the  difiereuces  were  even  more  marked. 
Although  this  luiigus  causes  what  is  usually  called  a  firm  rot.  the 
rotted  fruit  of  the  C  and  SCF  varieties  was  almost  water)  in  some 
instances;  while  the  resistant  varieties  maintained  a  firm  or  e\  en 
hard  texture.  This  phenomenon  ma>  ha\  e  to  do  with  the  character 
of  the  pectins,  as  has  been  suggested  by  others.  The  pectin  rela- 
tions of  hosts  and  parasites  olicr  a  iruiLiul  field  of  investigation  (53). 

Chemical  aaatyses 

fiistead  of  piesenting  the  analytical  results  In  tabular  foim, 
which  would  be  rather  involved  and  cumberscnne,  they  are  given 
in  the  foim  of  charts  (figs.  3-7).  The  data  could  ooncdvably  be 
groiq>ed  in  many  different  ways,  so  as  to  show  (z)  the  comparison 
of  the  fresh  fruit  of  the  several  varieties;  (2)  the  progressive  changes 
during  the  ripening  pzocess;  (3)  the  changes  involved  during 
stoiage  in  the  laboratory,  both  with  and  without  the  actum  of  the 
fungus;  and  (4)  the  effect  of  the  rotting  process.  This  would  mean 
four  different  groupmgs  of  the  data  in  four  sets  of  charts.  It  was 
decided  to  limit  this  to  two  groupings.  The  first  set,  figs.  3  and  4, 
bring  together  side  by  side  the  data  showing  the  change  in  compost- 
tion  of  the  samples  during  the  storage  and  rotting  in  the  laborator>'. 
The  fresh  samples  in  each  case  arc  desigi\ated  //.  the  sound  samples 
stored  in  the  laboratory  without  inoculation  b,  the  rotted  samples  r. 
In  these  charts  it  eri  ^A-  to  follow  tiie  changes  brought  about  by  the 
rotting,  and  tlie  changes  taking  place  during  the  three  stages  of 
growth,  by  comparing  all  the  a  samples,  the  b  samples,  and  the  c 
samples  in  each  variety. 

The  second  set,  figs.  5-7,  bring  together  side  by  side  the  data 
for  comparing  the  various  varieties,  that  is,  the  d  samples  for  all 
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Fig.  3. — Graphs  ahowiog  ^ieci&:  gravity,  ?■  values^  tilratable  acidity,  and 
tualii  cootnt  of  jukes  of  all  pluiii  samples;  figures  lor  dtic  and  tannin  aie  on  basU 
of  10  pn.  of  jnica* 
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varieties  are  assembled,  then  the  6,  and  then  the  c  samples.  In 
each  case  the  three  (in  some  cases  two)  resistant  varieties  are  given 
fii^t,  Uien  the  non-resistant,  in  order  to  iacilitate  comparisoii.  A 
brief  discussion  ol  each  factor  will  be  given. 

Specific  gravity. — Keierring  to  the  top  group  of  graphs  in 
fig.  3,  it  will  be  seen  that  in  most  ca>(  s  the  specidc  gravit\  of  the 
expressed  juice  (iecreases  from  (7  to  that  Is,  in  the  sound  fruit 
during  storage  in  the  laboratory,  and  that  there  is  a  stiii  lurther 
decrease  from  b  to  c,  that  is,  in  the  rotting  fruit.  In  many  cases 
the  decrease  in  the  lotted  samples  is  very  marked.  Probably  res- 
pilation  consumes  sugar  in  the  sound  fruit  with  a  consequent 
decrease  in  density  of  juice,  and  in  the  rotting  fruit  the  added 
respiration  of  the  invading  fungus  causes  a  still  further  drop  in 
density.  Stevens  and  Hawkins  (43)  noted  a  similar  phenomenon 
in  rotting  strawberries.  Theie  is  one  marked  ezception  to  this,  in 
the  case  of  the  thin)  stage  of  the  Compass  variety,  but  this  may  be 
an  analjrtical  error. 

la  fig.  5  there  are  indications  of  \  arietal  differences  in  juice 
density  that  may  be  correlated  with  resistance  properties.  Thus 
varieties  9,  16,  and  30  (resistant)  in  most  cases  have  a  higher 
specific  gravity  than  varieties  C  and  SCF,  and  this  holds  even  in 
the  rotted  samples.  Whether  the  osmotic  pressure  of  the  host 
sap  may  be  a  controlling  factor  for  this  fungus  is  not  known.  The 
writers  know  of  no  mrrourements  of  its  tolerance  to  strong  nutrient 
solutions  except  the  work  of  Hawkins  (30),  who  tested  the  ability 
of  a  number  of  fungi  to  grow  on  concentrated  solutions  of  sugars 
and  salts.  S.  cincrca  would  grow  on  2.4  M  glucose,  r.4  M  potas- 
sium nitrate,  and  0.6  M  calcium  nitrate.  These  figures  would 
corropoud  roughl}'  to  43,  14,  and  9  per  cent,  respectively,  which 
are  far  higher  than  any  concentrations  of  fruit  juices.  It  is  to  be 
noted,  however,  that  Hawkins  gives  no  information  as  to  the  mte 
of  growth  at  the  various  concentrations  used;  hence  it  is  possible 
that  the  differences  found  in  the  saps  of  the  phsn  varieties  mi^t 
account  in  part  for  the  differences  in  rate  of  growth  of  the  fungus. 

Hydrogen-ion  concenteation.— In  fig.  3  a  comparison  of  the 
changes  m  reaction  of  the  juice  can  be  made,  the  values  being 
given  in  terms  of  Pa.   No  consistent  and  striking  differences  are 
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F!iai4. — Gfqths  showing  total  nitrogen,  protdn  nitra^L-n,  and  oxalk  adU  in 
juices  and  reuducs  of  «U  plum  flunplefti  figuiCB  aie  oa  ba«b  of  xogm.  of  juke  and 
1  gm.  of  residue. 


Digitized  by  Google 


300 


BOTANICAL  GAZETTE 


\AnXL 


discernible,  but  in  most  samples  the  acidity  is  less  in  the  rotted 
than  in  the  sound  samples.  In  a  majority  of  cases  the  fresh 
material  shows  a  higher  addity  than  the  material  after  storage 
in  the  labomtoiy,  but  the  data  are  not  conclusive  on  this  point 
Whoi  the  analyses  are  airanged  as  in  fig.  5,  it  is  seen  that  in  the 
fresh  samples  the  resbtant  varieties  have  a  somevrhat  h^ier 
addity  that  the  non-resbtant,  but  such  differences  do  not  obtain 
in  the  stored  and  in  the  rotted  samples.  It  is  ako  evidoit  that  the 
addity  in  plums  neither  increases  nor  decreases  to  any  appreciable 
degree  as  ripening  prove  s ^es.  This  is  in  accordance  with  most  of 
the  observations  on  other  fruits. 

Since  the  differences  in  acidity  *  between  resistant  and  non- 
resistant  varieties  are  not  great,  and  since  the  growth  of  the  hinp^js 
in  the  tissue  tends  to  lower  the  acidity  to  only  a  slight  extent,  there 
is  not  much  c\idence  that  unfa\orable  acidity  is  an  important 
factor  in  resist^mce  of  plums  to  brown  rot. 

TiTRATABLE  ACIDITY. — In  ligs.  3  and  5  the  determinations  of 
the  titre  of  the  juices  follow  the  trend  of  the  P  H  values  in  re\"cTsc 
order,  t  hat  is,  when  the  titre  is  high,  the  hydrogen-ion  concentration 
is  high.  There  are  some  exceptions  to  this,  which  may  be  due  to 
dilTerences  in  buffers  in  the  juices.  In  fact,  in  the  fresh  samples 
the  resistant  varieties  have  both  a  lower  P.  and  a  lower  titre,  which 
would  indicate  that  the  adds  are  mndi  more  highly  dissociated. 
The  data  for  oxalic  add  show  that  these  varieties  do  have  slightly 
more  of  it  than  the  others,  but  the  amounts  involved  are  too  small 
to  amount  to  the  differences  in  H>ion  concentration.  The  character 
of  the  buffers  may  determine  this.  A  earful  study  of  the  {pn^ihs 
shows  that  the  changes  in  titratable  acidity  are  rdativdy  greater 
than  the  corresqponding  changes  in  H-um  concentration.  This 
becomes  more  evident  when  numerical  values  are  used  for  the 
comparison.  The  average  percentage  decrease  in  titre  from  b  to 
c  in  all  the  samples  is  17.  The  average  percentage  increase  in  Ph 
vahies  is  9  (assuming  a  theoretically  possible  increase  to  Pb^7). 
This  would  indicate  a  consumption  of  acid  by  the  fungus,  rather 
than  a  production  of  buffer,  in  modifying  the  reaction  during 
rotting.  It  was  hoped  that  the  malic  acid  determinations  would 
give  direct  evidence  on  this  point.   These  deteijninations  will  be 
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Fig.  s— Graphs  id  which  daU  for  Pa  values,  titratabic  acidity,  and  specific 
icrav-ity  are  assemblrd  to  bring  together  resistant  and  non-reMstant  vari<-tir  s;  of  plums 
(or  direct  oompwison;  varieties  g,  i6,  and  30  arc  resistant  {see  table  I  aiid  ug.  3). 
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fUi.  6. — Graphs  io  which  data  for  o^calic  arid  and  tannin  arc  asMrmblcd  to  bring 
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attempted  again  by  another  method.  Citrus  mottle  leaf  oflFers 
another  example  of  an  interesting  discrepancy  between  the  titrc 
and  the  H-ion  concentration  (36). 

Tannin. — The  conspicuous  fact  hroucht  out  in  tigs,  and  6  is 
the  great  increase  in  tannin  in  the  h  samples  in  the  first  stage  of 
growth.  This  indicates  that  in  these  half-jsjown  fruits  the  tannin 
increases  rapidly  after  the  fruit  is  picked  from  the  tree,  but  that  if 
the  fruit  is  infected  l)y  the  fungus  the  tannin  does  not  increase. 
Cook  and  his  colleagues  (3,  16,  17)  report  an  enzyme  that  forms 
tannin  rapidly  either  when  the  fmit  is  picked  or  when  it  is  wounded. 
The  fonner  fact  is  conoboxated  in  the  present  work,  but  not  the 
latter.  In  fact,  infection  by  the  fungus  not  only  does  not  cause 
an  increase  in  the  tannin  content,  but  in  varieties  C  and  SCP  in 
fig.  3  there  is  a  decrease  over  the  fresh  samples.  Two  facts  should 
be  kept  in  mind  in  this  regard:  fiisty  that  the  great  Increase  in 
tannin  after  picking  from  the  tree  occurs  only  in  the  half-grown 
stage  of  growth;  and  second,  that  the  decrease  in  tannin  m  the 
rotted  samples  is  noticeable  only  in  the  two  later  stages  of  growth, 
since  unfortunately  in  tlu-  first  stage  the  fresh  sample  was  analyzed 
onty  in  the  case  o{  Ax IF30.  In  fig.  6  it  can  be  seen  that  in  the 
fresh  samples  of  the  second  stage  the  resistant  varieties  have  a 
lower  content  of  tannin  than  the  susceptible,  and  tliat  in  the  sotmd 
samples  of  the  first  stage  the  facts  are  reversed.  It  is  dilTicult  to 
perceive  any  facts  tliat  can  he  correlated  with  resistance  characters. 
Valleau  (46)  came  to  the  sanu-  conclusion. 

Oxalic  acid.  Figs.  4  and  6  give  the  analyses  for  oxalic  acid 
in  the  juice  and  in  the  residues  from  the  juice.  In  all  cases  there 
was  a  small  amount  of  oxalic  acid  present  in  the  juice  of  the  fresh 
fruit,  as  judged  !>>■  the  reduction  of  i)emianganate.  It  does  not 
average  uver  0.02  per  cent  of  the  juice.  In  most  cases  there  is 
more  oxalic  acid  in  the  c  than  in  the  a  or  6  samples,  indicating  that 
during  the  rotting  a  production  of  the  acid  takes  place.  This  is 
in  accordance  with  the  findings  of  Coolby  (19),  who  repofted  that 
oxalic  add  was  produced  by  ScleroHnia.  The  amount  of  oxalic 
add  produced  in  the  rotted  plums,  however,  seems  insufficient  to 
exert  any  very  marked  solvent  power  on  the  tissues.  Although  the 
data  for  oxalic  add  in  the  residues  are  very  incomplete,  they  indicate 
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the  same  general  trend  as  do  those  for  the  corresponding  juices. 
There  are  some  indications  in  fig.  6  that  the  resbtant  varieties  have 
a  higher  oxalic  add  content  than  the  susceptible,  both  with  and 
without  funj^s  action  in  the  tissues.  If  this  is  found  to  be  the 
case  in  future  analyses,  it  may  constitute  some  new  evidence  on 
the  question  of  resistance  properties. 

Nitrogen  distrihution. — In  ligs.  4  and  7  are  presented  the 
results  of  the  analyses  for  total  and  for  protein  and  non-protein 
nitrogen.  There  is  great  irregularity  in  the  (juantities  of  total 
nitrogen  in  tlie  juice  in  the  Uiree  groups  of  samples,  so  much  so 
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Flu.  7. — Graphs  in  which  data  for  totai  and  protein  nitrogen  are  assembled  to 
bring  together  tesbtant  and  Bon-icabtaiit  vailetlei  of  plums  for  dlnct  coropariaon 
(we  table  I  nnd  fig.  4}. 


that  it  is  diffiailt  to  see  any  definite  trend  to  the  graphs  in  fig.  4. 
In  the  case  of  the  residue,  there  is  some  evidence  that  the  rotted 
samples  (c)  have  a  greater  ;anount  of  total  nitrogen  than  the  sound 
(6).  This  is  no  doubt  due  to  the  facts  that  a  far  greater  proportion 
of  the  nitrogen  is  in  protein  fomi  in  the  residue,  and  that  the  build- 
ing of  fungui*  protein  makes  this  protein  nitrogen  still  higher  in 
the  residues  of  the  rotted  samples.  \o  dehnite  trend  nor  -ignili- 
cance  can  be  seen  in  the  data  for  the  protein  nitrogen  in  the  juice. 

NiTUTES. — No  test  for  nitrites  was  obtainable  in  any  of  the 
samples.  The  distuxbance  of  the  nitrogen  nutrition  of  the  host 
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oinnot  be  a  factor  in  this  disease  as  it  seems  to  be  in  others  (lo, 
III  33i  34)-  varietal  differences  in  the  nitrogen  oontent  and 
foima  of  nitrogen  are  discernible  in  fig.  7. 

Discussion  and  summary 

The  laboratory  inoculations  recorded  in  this  paper  corroborate 
the  held  observations  on  plum  varieties  as  to  their  re1nti\  r  resistance 
to  the  brown  rot  fun^:s,  Sclerotitiiu  min-f.r  in  the  held  an 
important  factor  in  resistance  is  the  tlii  kiK  ,  of  the  skin.  In  the 
present  studies  this  was  eliminated  by  iiijcLiing  the  spores  into  the 
tissues,  so  liiat  the  (iilierences  in  the  rate  of  rotting  were  due  mostly 
to  physiological  factors.  The  object  of  the  in\  estigation  was  to 
throw  sosne  li^t  on  these  factors.  The  varieties  showed  not  only 
different  rates  of  rotting,  but  the  cfaatBCter  of  the  growth  of  the 
fungus  differed  as  to  the  amount  of  fruiting.  The  susceptible 
varieties  in  gmnl  showed  a  greater  amount  of  fruiting  on  the 
surface  of  the  fruits.  No  study  is  recorded  in  the  literature  ol  the 
factors  affecting  qx>ru]atian  in  this  fungus,  except  the  vitamine 
relations  touched  upon  by  one  of  the  writers  (53).  In  the  present 
work  it  was  noticed  that  the  ju&ies  of  resistant  varieties  have  a 
higher  specific  gravity,  a  slightly  greater  H>ioin  concentration,  & 
lower  titratable  acidity,  and  a  sUg^tly  greater  oxalic  add  content. 
In  these  items  the  differences  between  resistant  and  non-resistant 
varieties  are  not  sufficiently  maiiced  to  convince  (me  that  they 
constitute  the  chemical  basis  of  resistance.  Culture  work  with 
Sdcrotinia,  using  fruit  juices  in  which  the  various  factors  can  be 
varied  and  controlled,  will  no  doubt  throw  considerable  light  on 
the  question. 

When  the  lujigus  rots  the  plmn,  some  well  marked  changes  in 
composition  take  place  in  the  tissues.  The  juices  show  consider- 
able decrease  in  specihc  gravity,  a  decrease  in  true  acidity,  a 
decrease  in  titratable  acidity  that  is  of  greater  magnitude  than  the 
decrease  in  true  acidity,  and  an  increase  in  oxalic  acid  content. 
The  fungus  in  some  way  prevents  the  production  of  tannin  that 
takes  place  in  the  green  fruit  after  it  is  picked  from  the  tree.  The 
fungus  converts  a  portion  of  the  non-protein  nitrogen  of  the  host 
into  protein  nitrogen  in  its  own  mycelium. 
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Nitrites  could  not  be  detected  m  any  of  the  samples.  They 
are  probably  not  a  product  o!  the  rotting  by  this  fungus.  No 
hypothesis  can  be  suggested  as  yet  for  the  chemical  and  physio- 
loi^cal  basis  of  resistance  in  the  brown  rot  of  stone  fruits. 

Division  op  AcRict'LTintAL  Biochemistry 
MunoaoxA  Aouculturai.  ExpsumnfT  SxAmm 
St.  Paul,  lifxim. 
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L  CYTOLOGY  OF  TARAXACUM  LAEVIGATUM 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY  2»S 

Paul  Bigelow  Sears 

(wuh  flaxes  IX,  x) 

IntrodiicCioa  ^ 

Tliese  investigations  are  the  outgrowth  of  a  study,  begun  in  1914 
at  the  instanoe  of  the  late  Professor  C.  £.  Bessey,  of  partheno- 
genesis in  Taraxactm  vtAgoft  (Lam.)  Scfazk.  and  T,  kttigfiium 
(WiUd.)  PC.  These  two  species  are  the  oonunm  ones  in  central 
United  States,  being  respectively  desigaated  as  LeotUodom  TofWM- 
cum  L.  and  £.  erytkrospmmm  (Andrz.)  by  BRitTON  and  Browx 
(3).  In  191 7  the  existence  of  ameiotic  parthenogenesis  in  both 
species  was  confirmed  (33)  and  certain  poUen  abnormalities  briefly 
described.  These  abnormaliti^  have  in\nted  more  critical  analysis 
a?  a  means  of  throwing  Ught  upon  certain  phases  of  variation  and 
degeneracy,  and  likewise  upon  the  problem  of  synapsis.  The 
stud}'  of  non-cytological  variations  \\v>.s  been  directed  largely  to  icaf 
characters.  This  is  due  to  frequent  references  in  the  literature  of 
T'lraxacum  to  "  polymorphy "  and  to  the  wholesale  erection  of 
species  (cf.  Index  Kewensis  10). 

Maturation  phenomena  in  embryo  sac  and  pollen  have  been 
homologized  and  found  to  be  highly  fluctuating.  The  fluctuations, 
instead  of  being  anomalous,  seem  plainly  to  indicate  variations  in 
the  duration  and  relative  intensity  of  (i)  chromosome  individuality, 
(2)  sex,  (3)  polarity. 

Synapsis  in  tlie  sense  of  chromosome  pairing  is  expressed  with 
varying  degrees  of  vigor  and  quite  without  reference  to  doubleness 
of  die  spireme  thread. 

Leaf  variation  within  the  species  is  shown  by  quantitative 
studies  to  be  a  matter  of  senescence  and  rejuvenescence.  The  rOIe 
of  eiivironment  is  secondary.  The  inteipkiy  of  senesoenoe  and 
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environment  is  suffidoitly  potent  to  bave  prodnoed  fxm  a  few 
valid  species  tiansient  loims  fitting  many  published  descriptions 
given  specific  Of  varietal  rank.  Atten^ts  to  correlate  degree  of 
leaf  dissection  irith  internal  anatomy  have  not  aucoeeded,  but 
senescence  and  dissection  are  aocomiMnied  by  an  increase  in 
carbohydrates  as  compared  with  nitrageoous  substance. 

Numerous  ooUeegues,  and  in  particular  Fkofessor  John  H. 
ScHAiTNEX  of  Ohio  State  University,  have  given  generous  help 
whenever  called  upon.  It  seems  proper  also  to  express  appreciation 
of  the  difficulties  confronting  earlier  workers  whose  conclusions, 
and  in  some  cases  whose  observations,  have  not  been  confirmed  here. 

Idextity  of  species. — This  plant,  known  as  the  "red-seeded 
dandelion,"  h  without  doubt  cosmopolitan.  It  h  listed  as  T. 
erylhroKprrmum  Andrz.  hv  (ikw  (19),  and  as  Lcontodon  crythro- 
spermum  (Andrz.)  Briiton  by  Britton  and  Brown  (3).  Sears 
(23),  as  well  as  Sh}-:rff  (25).  lor  reasons  that  will  appear  later, 
has  accepted  the  ded:iion  of  H.\ndel-Mazetti  (6}  with  respect  to 
nomenclature. 

HkirroN  employs  the  generic  name  of  Lcontodon  upon  the 
auilioiity  of  Linnaeus'  Sp.  Ti.  798  (14).  HAKDEL-MAZKi  ri  in 
his  monograph  presents  the  tabulation  and  critique  of  authorities 
upon  which  he  bases  his  selection  of  the  name  Tmraxocum,  It  is 
convincing.  Incidentally  he  makes  dear  why  LeotUodon  Twaxaeum 
L.  cannot  stand  as  a  valid  spedes  name  because  of  incomplete 
diagnosis. 

The  q)edes  with  which  we  are  concerned  here  is  discussed  by 
the  same  authority  as  follows: 

Was  den  Namen  anbdangt  dcr  bereits  auf  dw  divmbten  Pflaxueen  ange- 
wendet  wuide,  so  konnte  idi  midi  an  dem  adiOii  fruditenden  Originalexemplar 

W'iUdenows  von  seiner  Bedeutunp  iihcrzcugen  Leonlodon  laevigatus 

Willdcnow,  tSoo;  TaraxactmlatvigiUum  Dc  Candolle^  1813;  T.^ryUtrospermtm 

The  last  citation  (quoted  from  the  tabulation  of  synonyms  on  p.  109) 
is  doubtless  the  one  upon  which  \v  and  BRiTTn\'  base  their 
specific  nomenclature.  BRirrnv's  cilalion  for  the  species  is 
AxDRZEjowsKY  in  Bess.  Knum.  Fl.  \'ilh.  75.  1821.  For  further 
critical  discussion  the  careful  paper  by  Sherff  (25)  may  be  cited. 
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REKRODUcnoN.— The  more  importaiit  studies  of  nQuoductive 
physiology  and  morphology  in  Taraxacum  are  so  wdL  known  and 
so  frequently  dted  that  they  require  only  brief  oomment  here. 

1S96.  ScHWESE  (aa):  embryo  arises  from  egg  in  sac  ol  typical 
appearance. 

1900.  Ain>ERssoi^  and  Hessbluan  (z):  poUenless  arctic 
spedmens  produce  fruit,  parthenogenesis  subjected* 

iQO^  Rat^'ktaf.r  fi8):  "  Si^ecies  Danicae  Taraxad  castratione 
agamicc  propagari  demoiistratum  est;  species  omnes  Tarazaci 
semper  parthcnogenetice  propagari  verisimiie  est." 

1904.  KiRciiXER  (13):  pollen  of  Taraxacum  never  found 
germinating  upon  Taraxacum  stigmas,  although  often  abundant. 

1Q04.  MuRHfXK  (15):  coniirms  findings  of  Schvvere.  Raux- 
KiAi^K,  and  Klrcui^r.  Finds  embr^'os  in  unopened,  poUeniess 
flowers. 

1904.  JUKL  (11):  embryo  sac  maturation  reduced  to  single 
division.  Apparently  no  reduction,  although  prophase  resembles 
heterotypic. 

1905.  Jtjel  (13):  compares  maturation  phenomena  of  sexual 
Ckkoraeeae  with  those  of  T,  oJScinale  {vulgare?).  Notes  double 
thread  in  prophase  of  former  but  not  in  latter;  former  shows 
hapl<Hd  numbfT  of  bivalents  in  dkkinesis,  while  TanuBocum  shows 
diploid  number  (24-36)  of  univalents.  These  facts  believed  to 
favor  the  parasynaptic  view  of  reducticm.  Following  diakinfsis  in 
Taraxacum,  nudeus  is  believed  to  elongate  and  diromosomes  to 
split  temporarfly,  the  sequence  being  regarded  as  a  shift  from 
heterotypic  to  homotypic  prophase.  PoUen  goes  through  reduction 
forming  12  or  13  bivalents  in  first  prc^hase,  but  doubleness  of 
spireme  not  observed. 

1907.  Haxdel-IMazf-.tti  (6):  noteworthy  monograph  of  genus. 
Emphasizes  genetic  importance  of  parthenot^enesis,  but  beheves 
Raunkiaer's  conclusion  too  sweeping.  Shows  clearly  that  pollen 
development  must  be  iiighly  variable. 

1907.  Dahlstfdt  (4):  notes  presence  of  numerous  sterile 
seed>  and  surnu.-Te.s  that  normal  eggs  may  be  found  in  otherwise 
parthenogenetic  heads.  Also  believes  sexual  spedes  likely  to 
exist. 
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1909.  Rosenberg  (ao):  compares  duomosome  oooditions  of 
r.  officmaU  (mdgare?)  and  T.  confertum,  finding  in  the  latter  a 
typical  reduction  from  i6  to  8. 

X910.  Ikeno  (9):  reports  T.  pUUycarpum  Dahlst.  to  be  sexual, 
while  T.  albidum  Dahlst.  (white- flowered)  is  not. 

191 2.  ScHORBATOw  (21):  confirms  previous  findings  for  T, 
offiduale  Wigg.   Takes  liberal  cognizance  of  cytological  variation. 

19 13.  OsAWA  (17):  compares  in  detail  cytology  of  species 
studied  by  Ikeno,  agreeing  in  general  with  Juel's  conclusions. 
Finds  a  variable  degree  of  pairing  in  pollen  diakincsis  of  T.  albidum, 
and  I)eside.s  normal  maturation  of  tetra(i>,  the  formation  of  diads 
by  "homotypic"  divisi(Mi.  Notes  amitosis  and  supernumerary 
nuclei  in  pollen;  also  16  and  8  chromosomes  in  sexual.  36  to  40 
in  parthenogenetic  species.  Parthenogenesis  probably  due  to 
hybridization, 

1917.  Sears  (23);  T.  laevigatum  as  well  as  T.  vulgare  shows 
ameiotic  parthenogenesis.  The  former  generally  gives  higher 
percentage  of  sterile  fruits,  and  both  exhibit  pollen  abnormalities, 
indudix^  extrusion  of  diromatin,  anutosis,  and  defective  bundles. 

1920.  Stork  (a6) :  T,  laeo^atum  is  ooapogamous,  and  embryo 
sac  maturation  agrees  in  general  ivith  accounts  of  Juel  and  Osawa 
for  other  ooapogamous  forms.  Also  26  to  30  chromosomes  found, 
but  said  not  to  spUt  during  the  elongated  phase  which  is  believed 
to  follow  diakinesis. 

Relevant  cvtoiogical  peoblems. — ^As  suggested  earlier,  those 
of  chief  interest  in  connection  with  the  present  study  are  (i)  the 
mode  of  S3maptic  pairing,  and  (2)  cytological  variation. 

Synapsis. — ^Thc  conclusion  of  workers  already  quoted  (la,  17), 
who  have  compared  ameiotic  species  of  Taraxacum  with  related 
sexual  species,  favors  the  parasynaptic  interi)retation  of  reduc  tion 
division.  Such  conclusion  is  doubtless  justified  il  the  observations 
of  prophase  conditions  uj)on  which  it  is  based  are  unexceptionable. 

The  develo])menl  of  thought  upon  the  suljject  of  synaptic 
pairing  has  been  fnlh-  treated  by  numerous  workers,  the  i)re>ent 
trends  of  botanical  ojM'nion  being  fairly  crystallized  in  papers  by 
iJiGKV  (5)  and  Sharp  (24).  It  is  unfortunatcl\-  true  that  various 
questions  invoiveti  lunge  upon  observations  made  near  the  Umit 
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of  resolving  power  of  the  microfloope.  This  intiodoces  what  should 

frankly  be  recognized  as  a  potential  source  of  error,  and  dealt 
with  accordingly.  In  undertaking  this  study  it  was  hoped  that 
the  more  obvious  sequence  of  events  in  a  parthenogenetic  plant 
mip;ht  alTord  a  check  upon  obser\'ations  necessarily  made  under 
conditions  of  optical  di&culty.  This  hope  has  at  least  beea 
partially  justihed. 

\'akiation  in  c  kf  I.  PKMC  KSSF.s.— Cytologists  have,  through  no 
fault  of  judgment,  been  so  chargetl  with  the  duty  of  learning  the 
normal  sequence  of  events  in  plants  that  as  a  rule  they  have  given 
Utile  attention  to  "anomah'es."  Even  the  most  conservative 
theories  of  the  cell  as  a  physico-chemical  mechanism  must  auniit 
the  likelihood  of  considerable  fluctuation  in  its  processes. 
Wasiblewski  (27)  emphasizes  the  phylogeaetic  continuity  between 
mitosis  and  the  types  of  amitosb  produced  by  chlocofonning 
meristiein.  Moreover,  the  results  obtained  by  Natbamsohn  (16) 
in  produdng  abnormal  division  types  by  the  use  of  ether  are  highly 
suggestive,  when  viewed  either  in  the  light  of  modem  theories  of 
attBesthe8i&  or  of  such  work  as  that  of  Bonns  (a).  The  httter  has 
dearly  shown  a  marked  increase  ui  proteolyttc  ensyme  activity 
as  a  result  of  etherization.  The  experiments  of  HotiES  (8), 
demonstrating  powerful  effects  of  temperature  change  upon  the 
spindle  mechanism,  are  likewise  significant.  They  become  pecu- 
liarly so  in  coimection  with  the  intimate  relation  of  temperature 
to  enzyme  acti\ity. 

Careful  study  and  classification  of  A  ariations  in  eel!  behavior 
have  already  yielded  data  of  interest  in  genetics,  and  they  may 
afford  the  clue  to  an  isolation  and  analysis  of  the  factors  involved 
in  ceil  behavior,  which  are  now  known,  so  far  as  th^  are  recognised, 
by  terms  so  general  as  to  be  noncommittaL 

Procedure 

All  material  studied  was  collected  from  plants  wliich  had  been 
identified  after  fruiting.  A  wide  range  of  fbdng  reagents  was 
tested,  including  mixtures  of  absolute  alcohol  and  glacial  acetic 
acid  in  various  proportions.  The  best  results  were  obtained  with 
a  solution  of  two  parts  of  alcohol  and  one  of  add  Beautiful 
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preparadoiis  were  obtamed  by  tbe  use  of  Flemming's  stronger 
fixing  fluid.  In  comparison  with  aaHic  alcohol  material  these 
showed  little  difference  in  nuclear  condition,  but  inspection  of  the 
cytoplasm  made  it  very  evident  that  the  electrolytes  contained  in 
Flemmlng's  solution  had  caused  violent  coagulation  of  certain 
cell  colloids.  This  circumstance  should  militate  against  its  use 
in  critical  work.  Acetic  alcohol  kills  .nlmo'it  instantly,  and  contains 
two  components  whose  effects  are  niuLu.illy  corrective.  From  the 
theoretical!  standpoint  of  modern  colloid  chemistn,-  it  ought  to  be 
a  very  desirable  reagent.  Numerous  experiments,  as  well  as  the 
variet)'  of  formulae  which  ha\e  been  recommended  by  different 
workers,  suggest  stronelv  that  failures  wiLli  it  ha\  e  often  been  due 
to  use  of  unsuitable  pi  opor  Lions  of  the  components. 

Sections  were  cut  from  6  to  12  in  tliickness.  and  were  stained 
with  iron-alum,  alone  and  with  counterstain,  and  with  Flenuning's 
ti^le  solution.  Drawings,  unless  otherwise  noted,  were  made 
with  Spencer  camera  lucida  through  Bausch  and  Lomb  binocu- 
lar equipped  with  no.  12  compensating  oculars  and  1.9  fluotite 
objective. 

It  should  be  noted  that  the  use  of  the  word  synapsis  in  this 
paper  has  been  limited  to  the  matter  of  synaptic  pairing.  The 
term  synizesis  is  used  throughout  to  designate  the  balltng  of 
chromatin  in  early  prophase. 

Observations 

Somatic  divisions.— These  were  observed  veiy  frequently  in 
all  sta^,  in  nuoeUar  and  other  meristem.  So  far  as  can  be 
detennined,  they  present  no  unusual  features.  The  chromosomes 
segment  as  curved  rods  from  a  fairly  thick  and  quite  uniform 

q)ireme,  and  ate  certainly  about  twenty-six  in  number. 

Maturation  divisions. — The  earliest  stages  that  could  be 
identified  were  marked  by  an  enlarged  nucleolus  and  not  more 
than  thirteen  paired  centers  of  chromatin  aggregation.  These  are 
shown  in  figs.  1  and  2.  and  can  fairly  be  construed  as  prochromo- 
somes. (12)  does  not  mention  them,  while  Osawa  (17) 
describes  them  for  both  the  species  he  studicfl  a'^  oris^inating  by  an 
increase  in  size  and  number  of  the  granules  upon  a  hnm  meshwork. 
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that  ist  fioni^  a  resting  nucleus  as  conventionally  described. 
Observations  here  lead  to  agreement  with  Sraip  (14),  as  follows: 

While  one  easily  gains  the  impression  of  sepamte  diiomatin  granules 

connected  by  threads  with  another  substance  ....  it  seems  more  {MObable 

t  hat  t  lu-  ■*  clirorTiat  in  Krariuk  s  "  are  merely  the  heavier  portions  of  the  alveolated 
and  rf tit'ulatc'd  thromosoniL's.  and  that  the  lighter  "supporting  network" 
consists  simply  ot  the  thinner  portions  ot  the  same,  together  with  the  delicate 
anastamoses. 

In  portions  of  the  thread  as  it  enters  synlzesis,  a  curious 
partly  paired,  partly  vacuolate- split  ai)])earance  is  discernible 
(fig.  3).  It  is  stages  of  this  sort  which  lend  themselves  as  con- 
veniently to  oite  philosophy  of  nuclear  division  as  another,  and 
which  should  not  he  taken  as  pivotal  until  all  other  means  of 
explanation  have  been  exhaust  ed.  The  optical  difficulties  attendant 
upon  the  close  state  of  aggregation  are  very  great  here  of  course, 
necessitating  thin  sections  and  special  technique. 

Synizesis  culminates  in  an  extremely  dense  ball  whose  compo- 
nents are  without  doubt  filiform.  The  embryo  sac  mother  nudeus 
in  fig.  4  is  typical  in  every  respect  save  that  of  size,  being  larger 
than  usual.  The  loosening  thread  (dolichonme)  is  ^tirly  uniform 
at  first  (figs.  5,  6),  and  Juel  (za)  is  doubtless  riji^t  in  stating  that 
any  apparent  nodes  are  optical  effects  due  to  foreshortening  or 
crossing. 

After  the  thread  becomes  rather  evienly  distributed  through 
the  nudear  cavity,  its  uniform  appearance  is  altered  by  the  advent 
of  changes  which  are  hard  to  explain  exrept  as  fissions.  Certainly 
they  are  quite  difTerent  from  (i)  accidental  or  other  juxtaposition 
of  whole  threads,  or  (2)  the  twisting  together  of  limb  and  bight 
into  a  loop.  Both  (t)  and  f 2")  an  to  be  seen  in  figs.  7  and  8,  where 
the\  may  be  compared  with  the  seeming  fissions.  Whatever  the 
change  that  gives  this  appearance  of  duality,  it  is  clearly  not 
simultaneous  throughout  the  thread.  A  priori,  is  there  any  reason 
why  it  should  be?  The  uneven ne<;s  of  its  origin  p>erhaps  may 
explain  the  failure  of  other  >tudents  ol  parthcnogenetic  spedes  of 
Taraxacum  to  observe  any  tiling  suggesting  a  "double"  thread. 
Careful  inspection  of  Osawa's  iig.  46  (17)  shows  that  the  phe- 
nomenon is  by  no  means  preduded  th^. 
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Instead  of  occurring  uniformly,  thickening  of  the  thread  seems 
to  be  accompaiued  by  the  beginnings  of  its  segmentatioii.  Figs. 
9  and  10  show  nodes  whose  structure  is  seemingly  homogeneous. 
On  the  other  hand,  it  is  always  possible  to  find  some  showing 
clearly  a  longitudinal  duality,  even  culminating  in  a  divergence  or 
forking  of  the  two  attenuate  ends.  If  this  appea'-ance  of  doubleness 
were  \'isiblc  in  even*  node  and  the  diverfz;ent  internodes  were  not 
visible,  one  would  be  jusUtied  in  seriously  questioning  the  validity 
of  the  interpretation.  It  might  tlien  be  simply  the  lateral  sharlow- 
ing  normal  to  translucent  cylindrical  bodies,  it,  however,  there 
is  really  duahty,  the  separating  plane  in  certain  nodes  must  Ue 
more  or  less  parallel  to  the  section  and  hence  not  be  visible.  This 
would  account  for  those  nodes  whose  appearance  is  homogeneous. 

The  nodes  rapidly  shorten  and  become  truly  homogeneous,  only 
the  bifurcate  internodes  remaining  as  evidence  of  the  double  origin 
of  each  chromosome.  As  in  all  chromosomes,  there  are  occasional 
lateral  projections  In  addition  to  the  forking  internodes,  due 
doubtless  to  imperfect  retraction  of  pseudopodia  at  some  time 
during  aggregation.  The  papers  already  dted  (i3»  if,  26)  evince 
little  proof  of  dose  attention  to  this  stage,  a  circumstance  doubtless 
due  to  its  transient  character.  Figs.  11-136  show  it  in  varying 
aapecta.  Fig.  12  suggests  a  rough  corre^ndence  betwera  this 
phase  and  the  so-called  second  contraction.  Certainly  the  thread 
shortens  greatly,  and  the  chromosomes  as  th^r  first  cut  apart  are 
no  longer  peripheral,  but  in  the  nuclear  interior. 

The  bifurcations  at  each  end  of  the  chromosome  are  not  retmcted 
at  once,  but  may  shift  slightly  in  position.  This  gives  the  appear- 
ance of  pseudopodia,  generally  tour  in  number.  Stork.  Osawa, 
and  JuEL  hav  e  all  more  or  lc^s  plainly  figured  but  not  accounted 
for  these  i)seU(k>podia.  I"ig.  14b,  as  those  of  the  authors  cited, 
shows  that  after  the  chromosomes  drill  lo  the  nuclear  menihrane 
and  become  peripherally  oriented,  the  quadruple  projections  tend 
to  move  to  the  side  of  the  chromosome  away  from  the  memljrane. 
These,  with  otlier  irregular  projections  oi  earher  or  later  origin,  may 
constitute  the  "fringe"  referred  to  by  Juel  and  figured  by  Osawa. 

Counts  at  this  stage,  and  also  at  the  somewhat  later  one 
resembling  diakioesis,  show  twoity-siz  chromosomes.  This  agrees 
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witli  Juel's  (12)  count?  for  T.  officimk.  The  count  registered 
by  Stork  for  the  species  now  under  discussion  i-*  twenty-sbc  to 
thirty.  Since  the  latter  takes  no  cognizance  of  iission  at  any  time 
before  metaphase,  it  is  possible  that  his  liigher  ^timate  is  due  to 
reckoning  separated  halves  as  units.  It  vnll  be  recalled  that  the 
somatic  number  is  about  twenty- and  Liiat  there  are  about 
thirteen  pairs  of  prochromosomes.  Fig.  22  shows  a  normal  rcduc- 
t&Ni  divuion  of  thirteen  univalents  at  the  homotypic  plate.  These 
facts  all  give  the  neoessaiy  awuranoe  that  in  prophase  we  have 
the  origin  of  the  diplcid  number  of  univalents,  unpaired,  from  a 
dual  and  therefore  a  split  thread. 

To  sununarize  devdopments  thus  far,  there  is  first  the  appear* 
ance  of  approzunatdy  thirteen  (the  haploid  number)  pairs  of 
prochromosonies.  The  thread  entering  aynizesis  shows  in  places 
a  doubleness  unesplainable  at  present.  The  thread  emerging  bom 
qmizesis  becomes  \  ery  cvessly  distributed  through  the  nucleus, 
and  then  shows  what  is  interpreted  as  non-simultaneous  splitting. 
By  the  time  segmentation  is  reached  splitting  becmnes  indubitable, 
and  the  formation  of  twenty-six  univalent  chromosomes  occurs  by 
the  lateral  refusion  of  the  two  halves  previously  split  apart. 

In  contrast  with  these  findint":  if  should  be  noted  that  Juel, 
OsAWA,  and  Stork,  working  on  parthenogenetic  species  of  Taraxu- 
cuniy  all  expressly  state  that  the  postsynizetir  thread  is  ^inLile 
and  remains  so,  and  that  the  uni\alent  chromosomes  are  single  in 
composition.  Jur.i,  and  Osawa,  working  on  sexual  plants  of  the 
same  or  nearly  related  genera,  report  an  obvious  doubleness  of  the 
thread.  Since  there  is  no  question  of  the  duplex  nature  of  bivalent 
chromosomes  in  sexual  plants,  the»c  investigators  conclude  that 
the  doubleness  noted  is  due  to  synaptic  pairing.  The  three 
workers  dted  agree  that  diakinesis  is  followed  by  the  greatly  eloti* 
gated  nudeus  as  mentioned.  Stokk,  however,  considerB  the 
chromosomes  here  to  be  unpaired,  that  is,  unspht  because  "there 
are  certainly  not  upward  of  sixty."  Acoq>ting  his  w'rimiiiM  oount 
of  thirty  as  correct,  one  would  scarcely  txpocX  to  find  more  than 
sixty  halves. 

Comparison  of  figs.  12-15  strongly  suggests 

that  the  doogated  nucleus  is  not  the  outoame  of  diakinesis^  but  a 
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divergent  form  of  it.  The  chromosome  fonns  in  the  two  sets  of 
figures  show  no  interrelation,  but  a  common  origin  at  segmentation. 

It  will  particularly  be  noted  that  connections  between  chromo- 
somes persist  in  the  begin nint;^  of  the  eioiifrriterl  stage  but  not  in 
diakinesis.  making  it  quite  uniikeiy  that  Uie  lormer  is  a  derivative 
of  the  latter,  but  not  militating  against  the  idea  that  both  are 
derivable  from  late  segmentation. 

The  nucleus  in  the  elongated  stage  is  often  lobed.  mcjreover, 
as  in  fig.  40,  and  constricted  and  binucleolate  as  in  tig.  41.  In 
short,  the  elongated  nucleus  with  about  twenty-sLv  X  and  Y- 
shaped  chromosomes  must  be  regarded  as  part  of  a  distinct  sequence 

.  TABLE  I 


SUge 

Prochromosome . . . 

Synbed*  

Loom  ikda  

SpJitdng 
Scgnmti 

Syaapiu  

OrienUtion  

Spindk  

MeUpliue  

Second  division  . 


Sequence  A 


IX  (Min 
Nocmal 
Nonnal 
Visible 
26  ciiboidi 


Prompt 

GompMt 

Fibers  to 

bivmkants 

Qualitotive, 

nanow 

Quantitative, 

bomotypic 


Sequence  B 


1%  pairs 
Nonnal 
Nomal 
Visible 

3( 


Slow 

LOQIO 

Fibers  to 
univalents 
Quantitative, 
broad 

Quantitative, 
somatic  (or 
oooe) 


Sequence  C 


J3  pairs 

Nonnal 

Nonnal 

Vbible 

s6cuboiils 


Slow  or  none; 
nndens  long 
Imgular 

Defective 

None  or  ver>' 
irregular 
None,  irregu- 
lar or  amitotic 


Sctjucnci:  D 

13  pairs 
Nonnal 
Normal 

VUbfo 

26  jV'g  and 
r's;  nucleus 
long 
None 

None;  midctts 

lobiog 

None 

Amltoais 

None  or 


arising  trom  segmentation  and  culminating  in  amitosis.  and  not  as 
a  curious  step  in  the  normal  maturation  process.  This  amitotic 
type  of  development  may  be  designated  as  sequence  D  (table  I). 
It  is  illustrated  in  figs.  36-42. 

Returning  to  diakinesis  with  its  twenty-six  cuboid  chromosomes, 
this  stage  may  develop  further  in  any  one  of  the  Uuree  ways  outlined 
in  table  I,  and  designated  as  sequoioes  B,  and  C  respectively. 
Type  A  is  Hhutnted  in  figi.  Here  pairing  is  eod  to  end, 

following  diakineas,  and  is  both  prompt  and  complete.  Orienta- 
tion  is  unifonn  and  compact,  resulting  in  a  heteiotypic  metaphaae 
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[Ann. 


with  thirteen  bivalent^.  This  sequence  has  been  completely 
tDlIowed  in  pollen  through  heterot\'pic  mitosis  an(]  the  ensuinu; 
homotypic  division  where  (tig.  22)  thirteen  univalents  show.  In 
the  embryo  sac  it  has  onl\'  been  traced  with  definileness  through 
the  compact  orientation  stage  (lig.  17),  while  fig.  21a,  b  represents 
a  badly  masked  anaphase  showing  thirteen  chromosomes  at  each 
pole.  In  addition,  it  is  likely  that  the  metaphase  shown  by 
Stork  in  his  lO  is  heterotypic,  since  it  agrees  with  the  general 
aspect  of  such  a  stage  as  found  frequently  in  pollen.  Whether  the 
second  (quantitative  or  homo^^c  division)  can  occur  in  the 
embryo  sac  as  it  does  in  the  pollen  maturation,  giving  true  reduc- 
tion, is  not  known.  Inspection  of  hundreds  of  embryo  sacs  failed 
to  disclose  tetrad  formation,  and  yet  the  large  numbm  of  empty 
fruits  in  T.  laerigoium  may  eventually  be  ex|dained  by  occurrence 
of  reduce<i  embryo  sacs,  never  fertilized,  quite  as  much  as  by  tlw 
occurrence  of  amitosts  of  sequence  D. 

Sequence  B  is  shown  in  figs.  33-306.  It  is  ostensibly  the 
sequence  which  results  in  reproduction,  inasmuch  as  it  is  the  only 
mechanism  found  which  in  the  absence  of  fertilisation  insures 
preservation  of  the  constant  chromosome  equipment  characterising 
the  spedes.  In  this  sequence  the  nuclear  membrane  disappears 
before  sjTiapsis  and  orientation  are  comj)lete.  Synaptic  pairing 
is  end  to  end,  but  takes  place  so  slowly  that  .spindle  fibers  become  at- 
tached to  each  of  the  halves  of  each  univalent  instead  of  to  the 
univalent  as  a  whole.  In  consequence  the  p;drs  come  to  metaphase 
thirteen  in  numl)er,  but  with  components  ^till  end  to  end  and  trans- 
versely oriented,  rhe  resulting  spindle  (tigs.  27.  >8)  ismuch  broader 
than  that  oi  >f(|uence  yl,  and  the  di\  i>ioii  is  cjuantitative  instead  ol 
qualitaUve.  it  orilinary  canons  be  right.  The  partial  or  delayer! 
pairing  here  was  noted  by  Os.-wva  in  the  pollen  of  T.  albidum 
only,  did  not  attract  the  attention  of  Stork,  and  seems  to  have 
been  interpreted  by  Juel  (12)  as  a  splitting.  Hogbem  (7)  has 
described  similar  phenomena  (delayed  synapses)  in  parthenogenetic 
animals,  while  the  present  observations  are  amply  vnified  by 
numerous  counts  made  throughout  the  sequence.  Sequence  B  in 
pollen  seems  to  result  in  diads  of  fairly  uniform  nature,  which  as  a 
rule  do  not  undergo  further  growth.  In  the  embryo  sac  it  likewise 
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produces  a  diad.  One  of  the  cells,  usually  the  apical,  dismtegrates, 
while  the  other  develops  into  an  eight-nudeate  sac  by  regular  vege* 
tative  mitoses.  A  ]>rophase  of  the  first  of  these  mitoses  is  shown 
in  fig.  30a,    with  twenty-six  somatic  chrmnosomes  segmented. 

Sequence  C  is  illustrated  in  figs.  31-35.  It  comprises  a  rather 
wide  range  of  gradations  in  behavior,  completely  bridging  the  gap 
between  types  B  and  D.  Following  segmentation,  the  nucleus 
elongates,  and  the  membrane  disappears,  with  the  twenty-six 
cuboids  widely  scattered  and  quite  unpaired.  As  the  spindle 
fibers  appear,  orientation  and  p>airing  arc  quite  variable  in  their 
degree  of  perfection.  In  fig.  32  spindle,  synapsis,  and  orientation 
seem  rather  perfect,  excepting  Uiai  chrumosomes  from  the  extreme 
ends  of  the  nucleus  have  been  caught  at  the  poles  and  will  doubtless 
remain  there.  In  other  cases  pairing  cannot  be  detected,  and 
the  majority  of  the  cuboids  may  be  caught  at  the  poles,  only  a  few 
or  none  reaching  metaphase  position.  These  latter  constitute  the 
*'ddayed"  chromosomes  familiar  in  descriptions  of  poUen  abnor- 
malities, although  actually  the  lagging  ones  are  those  at  the  ends. 
Obviously  it  is  but  a  short  step  from  this  condition,  where  no 
cuboids  reach  metaphase,  to  amitosis  as  already  described  for 
sequence/). 

Sequence  C  is  best  exemplified  in  the  pollen.  In  the  embr>''0 
sac  it  has  been  traced  through  orientation.  With  amitosb  it 
shares  most  of  the  responsibility  for  pollen  abnormalities  recorded 

in  a  previous  paper.  The  chromosomes  which  never  reach  meta- 
phase position  are  likely  to  be  reorganized  into  nuclei  before  those 

at  the  center  reach  the  poles.  These  latter  ''delayed"  chromo- 
somes then  reorganiise  as  supernumerary  nuclei.  Additional  causes 
of  supernumerary  nuclei  are  (1)  irregular  lobing  fiuring  first  ami- 
tosis. (2)  a  second  amitotic  division,  (3)  extrusion  of  chromosome 
substaiire  and  formation  of  membranes  about  it. 

It  >liould  be  understood  that  the  four  secjuences  described 
intergrade  almost  insensibly.  It  should  also  be  noted  that  sequence 
D  in  its  extremes!  fluctuations  shows  nuclear  elongation  and 
amitosis  beginning  so  soon  after  synizesb  that  the  chromatin  has 
no  opportunity  to  orgsnize  beyond  the  condition  of  a  granular 
thread. 
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Ditcuiiion 

The  more  important  ImpHcatkitt  of  these  finding  fall  under  (x) 
relation  to  previous  hypotheses  e]q>IaJnjng  maturation  in  partheno- 

genetic  species  of  Taraxacum;  (2)  efifect  upon  inteipretations  of 
normal  redaction  division  (particularly  as  to  syiuq»is)  which  have 
been  based  upon  comparisons  of  sexual  and  parthenogenetic  spedes 
of  Taraxacum;  (3)  elucidation  of  the  findings  themselves  in  terms 

of  the  fundamental  cell  activities  involved. 

1.  JUELS  (12)  h>'pothesis,  accepted  in  more  or  less  modified 
form  by  subsequent  workers,  is  that  maturation  in  Taraxacum 
officinale  begins  as  a  heterotypic  and  shifts  to  a  homo(^•I1u•  ^livision. 
As  previously  stated,  this  is  based  uj^on  his  belief  that  th<  rl  iigated 
nucleus  with  JV-shaped  chromosomes  follows  diakinesis  and  precedes 
s]iindle  formation.  Since,  as  has  been  indicated,  the  elongated 
nucleus  is  a  member  of  a  distinct  sequence,  the  hypotliesis  is  placed 
upon  the  defensive.  Barring  this  discrepancy,  however,  the  type 
of  division  described  by  Juel  is  essentially  that  of  sequence  B, 
the  type  effective  in  reproduction.  It  mi^t  appear  that  this  is 
virtuaOy  homot>pic,  since  quantitative,  and  therefore  mainly  if 
not  in  detail  in  agreement  with  Jt7EL*s  theory.  Possibly  this  is 
true,  fafut  number  and  character  of  chromosomes  do  not  correspond 
with  those  usual  in  homotypic  divisions.  Sex  as  a  factor  is  com- 
pletely absent  in  homotypic  division,  while  here  it  is  present,  in 
abeyance  of  course,  but  potential  This  is  evidenced  by  (a) 
chromosome  number,  (6)  pauing  of  prochromosomes,  (c)  synaptic 
pairing  (albeit  delayed)  of  the  cuboids,  {d)  occasional  cases  of  true 
reduction  in  pollen  and  presumabl\  in  embryo  sac.  It  seems, 
therefore,  that  the  designation  "ameiosis,"  or  "amiosis,"  proposed 
by  SK.\RS2n  191 7  (23),  and  indicating  a  type  of  maturation  which 
obviates  necessity  for  subsequent  fertilization,  is  to  be  preferred  to 
*'homot\pic  mitosis."  a  term  of  ver\'  explicit  implications. 

2.  The  parasynaj>tic  interpretation  of  reduction  dixdsion,  SO  far 
as  normal  sexual  species  ol  Taraxacum  are  concerned,  was  favored 
by  the  work  of  Juel  and  Osawa,  since  both  workers  noted  a  duality 
of  spireme  thread  in  meiotic  and  none  in  anieioLic  plants.  Closer 
scrutiny  pre\ious  to  segmentation  has  revealed  a  duality  in  the 
segmenLing  thread,  while  precise  counts  have  indicated  that  this 
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duality  represents  &  spUtting  and  not  a  pairing.  These  facts  seem 
sofkknt  to  warrant  more  critical  comparison  of  prophases  in 
sexual  and  parthenogenetic  species  of  Taraxacum  before  deciding 
that  parasynapsis  is  actually  the  source  of  duality  in  spireme 
threads  of  the  former.  Moreover,  the  omnpl^ied  synapsis  in 
sequence  A,  as  well  as  the  delayed  pairing  in  sequence  is  end  to 
end,  rendering  an}'  assumptions  still  more  difficult. 

7,.  We  ha\c  seen  that  ameiosis  doc-s  not  in\'ol\e  the  complete 
elimination  of  sex.  Rather  it  involves  a  retardation  and  partial 
inhibition  of  sex  expression.  The  least  degree  of  inhibition  £:ji\  es 
u^  scr]nente  .1 .  practically  a  normal  reduction  division  with  s\'na})tic 
males  pairing  only  a  little  more  slowly  than  is  usually  tlie  car>e. 
A  j^reater  degree  of  inhibition  obviously  occurs  in  sequence  B.  the 
delay  being  more  marked.  Whatever  the  ultimate  cause  of  such 
delay,  there  can  be  no  question  that  it  amounts  to  a  persistence  of 
chromosome  individuality,  wliich  at  segmentation  supersedes  the 
individuality  of  the  nucleus  as  a  dominant  phase.  The  nature  of 
sex  inhibition  in  sequence  C  is  more  complex.  Synapsb  is  slow 
and  of  varying  perfection.  It  is  marlced  by  an  elongatbn  of  the 
nudeus,  clearly  indicating  a  premature  e3q>res8ioii  of  polarity. 
We  may  conclude,  therefore,  that  encroachment  upon  sex  is 
progressivdy  increasing. 

T^rpe  D  is  readily  interpreted,  in  vi^  of  these  intermediate 
conditions,  as  the  still  earlier  and  more  powerful  expressbn  of 
polarity  at  the  segmentation  stage.  Not  only  does  the  nucleus 
become  greatly  elongated  and  eventually  pulled  apart,  but  the 
spurme  split  begun  in  prophase  is  never  even  temporarily  overcome 
by  the  forces  making  for  chromof^ome  individuality.  This  is 
exidenced  by  the  presence  of  X  and  Y  forms,  already  noted.  Such 
interpretation  of  the  amitosis  in  sequence  D  by  no  means  vitiates 
any  jx)ssibilit\  that  it  may  be  a  matter  of  emulsitication,  as 
suggested  by  coujiiing  the  work  of  Nath.ansohn  and  that  of 
BoNNS.  It  merely  involves  a  third,  and  not  unreasonable  factor, 
enzyme  action,  as  a  means  of  upsetting  the  delic  ate  balance  between 
tlie  forces  wluch  we  ignoranll}'  know  a>  individuality,  polarity, 
and  sex.  That  the  dominance  of  polarity  is  not  likely  to  be  perfect 
seems  probable  from  the  nature  of  the  factors  which  it  overrides. 
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We  have  therefoce  a  ttieoretical  right  to  expect  soch  phoiomena 
as  chromatin  extrusion,  irr^ular  lobing,  etc.  The  siq)emumerary 
nuclei  produced  by  such  means  are  thus  quite  a  seonidaiy  phase 
of  pollen  degeneracy. 

Somnaiy 

1.  Maturation  in  Taraxacum  laevi^atum  dilTers  from  that  pre^^- 
ously  described  for  parthenogenetic  species  of  2'araxacutn  in  early 
prophase,  chiefly  by  showing  a  split  thread  from  which  twenty-six 
univalent  duomosomes  segment. 

2.  FoUotwing  segmentation,  there  may  be  any  ol  four  inter- 
grading  sequences  instead  of  a  single  uniform  sequence  as  described 
for  other  parthenogenetic  apedes  of  Taroxaam, 

3.  These  sequences  are:  At  almost  typical  reduction  divisioii 
cfaaractexized  by  perfect  end  to  end  pairing  of  the  univalents; 
By  a  qualitattve  division  resulting  in  diads  from  which  the  functional 
embryo  sacs  arise  and  for  which  the  term  ''ameiosis"  is  pn^x>sed, 
and  in  whidb  sequence  the  univalents  are  slow  in  p>airing;  C, 
a  more  or  less  irregular  division  in  which  pairing  of  univalents  is 
variable,  acam^Muiied  by  premature  elongation  of  the  nucleus  and 
defective  orientation;  D,  amitosis  in  which  the  nucleus  eloi^ates 
xGvy  prematurely  and  the  split  thread  persists  after  segmentation, 
giving  twenty-six  X  and  F-shaped  chromosdmes.  There  is  no 
^indle. 

4.  These  variations  are  not  anomalous,  but  are  traced  to  an 
increasing  degree  of  inlubition  of  sex  by  other  forces,  to  wit, 
chromosome  individuality  and  polarity. 

5.  Jitel's  (12)  interpretation  of  maturation  in  T.  officinale,  that 
it  begins  as  heterotypic  and  switches  to  homotypic,  does  not  apply 
in  the  present  case- 

6.  Evidence  for  parasynapsis  in  Chicotaceae,  so  far  as  predicated 
upon  the  presence  of  a  dual  thread  only  in  sexual  species,  must 
be  reexamined. 
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EXPLANATION  OF  PLATES  IX  AND  X 

All  figures  show  a  niagnilkalioii  o{  about  1600,  excepting  fig.  25,  which 
&  about  mo. 

Fig.  I.— Complete  view  of  veiy  ea^  E.S.M.C.,  showing  about  thirteen 
patnd  centers  of  chromatin  aggregation. 
Fig.  2. — Partial  view  of  similar  nucleus. 

Fig.  3.— 'L.S.M.  nucleus  entering  synizesis,  showing  curious  partly  paired, 
partly  vacuolate  amMwrance  of  chromatin  masses. 

Fio.  4. — ^Umisually  huge  E.S.M.C.  at  dimax  of  synizesis. 

Fig.  5.— E.5.M.C.  emosiiig  from  symaesis,  showiiig  unifocm  character  of 

thread. 

Fio.  6. — The  same,  somewhat  later. 

Fto.  7. — The  same,  thread  becoming  leas  homogeneous. 

Fig.  8.— The  same,  thread  showing  dual  character  in  places. 

Fig.  9.— The  same,  segmentation  beginning  thread  tliidcer  and  dual 

character  obvious  in  most  n<i(ios. 

Fig.  10. — P.M.C.  showing  segmentation  and  dual  uodcs. 
'  Fko.  II. — ^E.S.M.C.,  duomoaomes  becoming  homogeneous,  duality  mainly 
visible  at  intemodes. 

Fig.  13. — The  same,  showing  ori^nn  of  cuboid  chromosome  form;  thicken- 
ing of  thread  producing  contraction  of  mass  toward  center. 

Figs.  130,  h. — Complementary  sections  of  same  E.S.M.  nucleus,  with 
twenty-six  (diploid  number)  chromosomes,  cuboid  and  with  traces  of  dual 
intemodes  stiU  showing. 

Figs.  14a,  />.— The  same,  somewhat  later,  ahowing  various  letractimis  and 
ahif tings  of  quadruple  internodal  traces. 

Fig.  15. — Part  of  P.M.C.  at  same  stage  as  preceding. 

Fig.  16. — Complete  P.M.Ct  ahowing  beginning  of  end  to  end  synaptic 
pairing  of  twenty^aix  untvalent  cuboids. 

Fio.  1 7  —Late  orientation  stage  in  sequence  Af  ES.M .C.  showing  synap* 
sb  completed. 

Fig.  18. — Same  for  P.M.C. 
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Fig.  I9.^P.M.C.  at  metapkaae,  sequence  A,  sbairiog  nanow  betetotyiuc 

spindle. 

Fig.  m.— P.M.C.  ahowing  hetefotypk  mwiphaw!'  of  aequenoe  A, 

Fig.  aia,  fr.— Gonqiileiiientaiy  lectioiis  of  E.S.M.C.  anaidiaae*  maaked  but 

doubtltss  sequence  A. 

Fig.  22. — Second,  true  homotypic  mctaphase  oi  sequence  A  in  r.M.C., 
showing  thirteen  chrumosomes  at  plate. 

Fte.  35. — ^P.M.C.  orientatkm  in  sequence  paiiing  somewhat  ddayed; 
nudear  membrane  cUaappearing. 

Fig.  24. — P.M.C.  showing  bcginDings  of  delayed  synaptic  paixmg  in 
sequence  B;  membrane  quite  gone  (cf.  hg.  16). 

Figs,  as,  26. —  1  wo  different  E.S.M.C.'s  somewhat  further  along  than 
fig.  24;  audi  stages  grade  inaenaibly  into  acqnowe  C. 

Flo.  9^, — ^P.M.C  ahowing  wide  metaphaae  q>indle  cbacacterisdc  of 
sequence  B. 

Fig.  28. — E.S.M.C.  in  ameiotic  metapbase  ot  sequence  B;  synaptic 
mates  end  to  end,  perpendicular  to  spindle  axis,  giving  quantitative  diviaioin 
along  line  <rf  pnqikliaae  ^lit. 

F^G.  39. — Telophase  of  first  E.S.M.C.  division,  probably  sequence  B. 

Figs.  30a,  b. — Second  division,  purely  somatic  following  aintiosis  in 
E.S.M.C;  note  breakdown  of  apical  daughter  and  presence  of  about  twenty- 
six  homogeneous  segments. 

F^G.  31.— Fortibn  of  P.M.C.  ahowing  disturbance  in  orientation  due  to 
premature  elongation  of  nucleus;  1)CKi[iiiing  of  sequence  C. 

Fir.  :;7  — Similar  portion,  further  along;  pairing  about  complete,  but 
spindle  lirii  i  t ivf  (( f .  fip. 

Fig.  3j. — P.xM.C.  in  sequence  C',  synapsis  virtuiiily  complete  but  chromo- 
somes unequally  sequestered  at  potea  withiNit  orientation  or  metapbase. 

34.— P.M.C.  in  sequence  C,  chromosomes  sequestered  with  little  or 
noqmi^Mis. 

Fto.  35. — ^P.M.C.  in  irregular  telophase,  probably  ot  sequence  C,  showing 
otganiaation  <rf  small  siqwcnumerary  nudcL 

Fto.  36.— E.S.H.C.,  late  segmentation  stage  to  show  gradation  into 
sequence  D  or  amitosis. 

Fig.  3 7. —E.S.M.C.  showing  beginnings  of  nudear  elongation  during  late 
segmentation. 

Fig.  38.— Hie  same,  showing  persistence  *A  mtemodas  between  X-aluqKd 
chromooomca  and  ori|^  of  latter  by  persiatence  of  prophase 

Figs.  39a,  h. — Conq>lenientaiy  E.S.M.C.  sections,  showing  more  than 

twenty  split  chmmo5omcs. 

Fig.  40. — Beginning  amitotic  division  (.sequence  D)  ia  P.M.C. 

FtG.  41.— Amitotic  oonatiiction  <A  aeqnence  D  in  E.S.M.C.;  note 
diromoaome  form. 

Fig.  42.— Amitotic  irregularitiea  in  P.M.C.,  showing  also  chromatin 
extrusion. 
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ANNULARIA  WITH  PALEOSTACHYA  FRUIT 

£OA  M.  KOUNO 

(wim  TWO  ncuREs) 

Among  the  most  amunon  fossil  plants  in  Rhode  Island  are 
AnnuUuriae,  thottght  to  be  allied  to  the  modem  Equisdtm,  While 
the  Annulariae  or  leaiy  shoots  are  seldom  found  attached  to 
their  supposedly  Cakmitean  stems,  the  trunks  of  these  andent 
cryptogams  are  often  seen  in  the  cool  strata  and  occasionally 
prove  to  be  of  large  size.  Much  more  rarei  however,  are  the 
fruiting  stalks  of  these  primitive  plants,  one  specimen  uf  which 
has  appeared  from  the  coal  shales  of  Rhode  Island.  This  fossil 
is  regarded  by  the  writer  as  a  new  species  of  Annulariae  both  irmn 
the  character  of  its  foliage  and  the  nature  of  its  fruit. 

Annularia  clarkii,  n.  sp.  In  (onsidering  the  affinities  of  the 
leafy  shoots  of  Anmilaria  c  larkii  one  may  cite  Astrropliyllilcs  letttus 
Dawson.'  The  Canadian  material,  however,  is  so  fragmentary 
that  correlation  therewith  is  tjuestionable.  The  fertile  stalks  of 
Annuhria  clarkii  resemble  in  man)  ways  PaU'osiacliya  iVolk- 
nunini'.i)  f^racilis  Renault,'  esijecially  in  the  position  of  the 
sporangia,  wliich  appear  to  be  borne  in  the  axils  of  the  leaves. 
U'lic  sporangiophores  of  the  European  species,  however,  are  siiorter 
and  less  stout  than  those  of  the  Rhode  Island  plant  (figs.  1,2). 

In  a  recent  publicatifm'  statements  are  made  to  the  effect  diat 
Calamariae,  to  which  the  Annulariae  supposedly  belong,  show  four 
main  types  of  fruiting.  The  first  includes  CaiamosiachySt  forms  in 
which  the  cones  are  made  up  of  fertile  and  sterile  parts,  the  spo- 
rangiophores being  placed  midway  betweoi  the  leafy  bracts.  The 
second  or  Palwslachya  type  consists  of  cones,  the  fertile  parts  of 
which  are  borne  in  the  axils  of  the  sterile  bracts.  The  third  or 
Cingularia  type  is  characterized  by  sporangiophores  borne  just  under 

■  Bull.  Nat.  Hist.  Se»c.  N.B.  6:247.  igio. 

>  RsNAULT,  B.,  Autun  2: 75.  pi.  29.  figs,  1893. 

s  Scott,  D.  H.,  Studies  in  fbsail  botany.  Ed.  3.  Vol.  I.     43.  1990. 
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the  sterile  whorls.  The  fourth  has  a  sporangiophore  without  bracts, 
or  arranged  as  in  the  modern  Equisetum.    The  same  author  states 


Fic  t  Fig.  a 

Figs,  i,  2. — Fig.  i,  Annnlaria  clarkii:  photograph,  natural  size;  fig.  2,  Annularia 
ctarkii:  drawing,  Xj. 


further  that  "in  all  cases  where  fructifications  have  been  referred 
to  Annularia  ....  they  have  been  proved  to  be  of  the  Calamo- 
stachys  type." 
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Another  English  author^  of  earlier  date,  however,  states  the 

situation  less  sweepingl\ ,  as  follows: 

It  would  appear  ....  that  the  Annular ia  type  o»  branch  usually  bears 
cones  which  conform  to  the  genus  CahmosUuhys  {Stachannularh) ;  .  .  .  .  But 
this  nile  i>  not  constant,  and  we  are  not  in  a  position  to  speak  of  cones  of  a  pu- 
ticular  type  as  necessarily  diaracteiistic  of  definite  types  of  Calaaiitean  shoots. 

Bessy*  has  stated  the  ptoblem  in  a  still  more  positive  way 
as  Mows:  "Some  of  the  Pakutaekya  cones  are  ui  lazfe  size  and 

they  are  usually  associated  with  Anmdaria  type  of  foliage.'*  This 
opinion  is  further  borne  out  by  the  characteristics  of  the  present 
species,  AnnulaHa  darkii.  The  illustrations  of  this  fossil  reveal 
several  fruiting  oones  attached  to  their  leafy  shoot,  the  lower  light 
hand  one  being  sufficiently  distinct  to  show  that  the  sj>orangio- 
phores  spring  from  the  axils  of  the  leaves.  This  fact  places  the 
specimen  in  the  Fukoslaciiya  group,  and  refutes  the  contentii)ii 
t)\-  Scott  that  Annulariae  ha\'e  always  been  characterized  by 
L  alamostachys  types  of  fruiting.  The  following  description  of 
Annularia  darkii  is  otiered: 

Verticilli  10-12  foliorum  circa  quemtjue  nodum;  quodque  folium 
lincariuni  4  cm.  \el  longum  })aullum,  aj.iice^  acuti.  mediae  costae 
apparent;  Iructus  ramus  quemque  nodum  quasi  4.5  cm.  lougus, 
sporangio-phoreae  quasi  i  mm.  longae.  Duae  fruges  annectae  stmt 
altemo  lato  stili  cnrvati.  Ific  uitimtis  in  axilla  cuitae  bractae 
Uneaiiae  est,  quae  fnictom  superarcuanL  Pluiimi  stOi  ^loa 
ex  unico  nodo  enascuntur. 

Whorls  of  10-12  leaves  at  each  node;  each  leaf  hnear,  4  cm.  or 
less  in  length,  apex  acute,  midrib  present;  fniitiiig  branch  at  each 
node  about  4.5  cm.  long,  the  sporangiophore  about  i  mm.  long. 
Two  spores  are  attached  on  either  side  of  a  curved  stalk.  The 
latter  is  in  the  axil  of  linear  bracts  which  overarch  the  fruit. 
Several  spore-bearii\g  stalks  seem  to  spring  from  a  suig^  node. 

Sterile  fossils  of  this  species  are  very  common  from  the  Paw- 
tucket,  Valley  Falls,  and  Portsmouth  sections  of  Rhode  Island,  and 
may  be  found  in  the  Brown  University  collection.  The  fruited 
specimen  used  as  the  basis  of  this  article  is  now  a  part  of  the  Roger 
Williams  Park  Museum  collection,  Providence,  Rhode  Island. 

*  Skwakd,  a.  C,  Fo  vil  plants.    Vol.  I.  p.  364.  iR-R. 

i  BuiMY,  £.  W.,  i'alcobotaay:  A  sketch  of  the  origia  and  evolution  uf  Ooras. 
p.  319.  i^ao. 
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NOTES  FOR  STUDENTS 

The  onannored  Peridiniales. — Exceptinp  only  the  diatoms,  no  group  of 
unicellular  organisms  is  of  such  futulaincnlal  importance  in  the  biology  of  the 
seas  as  the  pcridines,  and  there  are  few  groups  concerning  which  our  knowledge 
is  so  unsatisfactoiy.  Ibis  b  pai:ticularly  tnie  of  Che  ttdArmond  fonnB, 
iriiidi  are  not  only  apt  to  be  ruiocd  in  collecting,  but,  if  they  survive  the 
plankton  net.  are  destroyed  by  the  preservatives  used  and  usually  remain  recog- 
^nizable  for  only  a  short  time  tmdcr  the  conditions  speedily  developed  in  a  jar  of 
sea  water  or  on  a  microscopic  slide.  For  these  reasons  all  who  have  occasion 
to  study  the  nunute  Itfe  of  the  ocean  will  heaitify  wdoone  the  wpptmamx  of 
the  qilendid  monograph  by  KovoD  and  Swky.*  About  one-fifth  of  the 
text  is  devoted  to  topics  of  a  general  nature,  the  remainder  to  the  detailed 
descriptions  of  genera  and  species.  Among  the  topics  discusse<I  are  the  general 
and  comparative  moiphology  of  the  group,  life  c>'cles,  physiology,  including 
short  but  pregnant  dttcusncma  of  mrtritkn  and  lummescence,  and  finally 
evolutiooary  devdopment  and  distribution.  The  authors  take  marked 
exception  to  West's  statement  that  over  So  per  cent  of  the  peridines  are 
"true  vegetable  organisms  with  a  holophytic  nutrition,"  declaring  on  the 
contrary  that  "the  number  actually  containing  chromatophores  is  relatively 
small  throughout  the  entire  Dinoflagellata."  In  spite  of  this,  however,  the 
great  abundance  ct  some  of  the  forma  duractcriaed  by  undoubted  holophjrtic 
nutrition  insures  that  the  groi^  trill  continue  to  he  of  as  great  interest  to  the 
botanist  <as  to  the  zoologist. 

The  authors  regard  the  Peridiniales  as  a  monophyietic  group,  derived 
from  a  cryptomonad  ancestry,  and  describe  a  new  genus,  Protodinijer,  which 
is  one  of  ihit  simplest  known  peridines.  One  line  of  devdbpmcnt,  starting 
near  some  such  fom,  may  have  given  rise  to  the  Haplodiniimt  ExMieUap 
Prorocentrum  series;  another  would  lead  to  the  simpler  f  i\  iniiodimaccae,  from 
which  coordinate  lines  of  development  lead  on  the  one  hand  to  the  higher 
unarmorcd  forms,  culminating  in  audi  elaborately  organized  genera  as  Pouchctia 
and  Brylkrp^t      <^     other  hand  to  the  thecate  forms,  such  as  CeroHtm. 

The  l^tematic  treatment  incUidcrs  descriptions  of  .^23  species,  distributed 
among  16  genera,  of  which  Protodinijer,  Gyrodinium,  Torodhihtm,  PavilliirilLi, 
ProtopsiSf  NemtUodittium,  and  Proteryikopsis  are  new.   Of  these,  Torodinium 

•Koiom,  C.  A.,  and  SwBSir,  Quvi,  The  free-ltviog  unarmored  Dinoflagdlata. 
Memoirs  Univ.  CaL  8:  viil-i-56s.  pts,  19  (colo(«d).  jSff.  388.  Uohr.  CaL  Ptass. 
BerkelQr.  1921. 
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and  Protopsis  include  in  part  previously  de^crilicd  specie?,  and  Gyrodinhtm 
replaces  ShOtt's  genus  Spirodinium  which  is  preoccupied  zoologically.  The 
olbcr  new  geoerft  are  «rt«Mi»hed  to  ooatatn  newly  discovered  spedes. 

A  few  mmor  typognphical  enon  occoTp  bat  in  geiicral  the  w^ 
l^y  free  from  them.  The  text  figiires  are  irregularly  distributed  and  frequently 
many  papes  from  the  references  to  them.  It  would  greatly  facilitate  the  use 
of  the  book,  ii  the  references  were  by  page  in&tead  of  merely  to  the  tigure. 
These  arc  triflmg  defects,  however,  in  a  woik  of  nicfa  lumaually  permanent 
value.  It  is  to  be  confidently  «q)ectedtku  its  piiblicatioawiUpn>ve  a  distinct 
stimulus  to  fttrthcr  study  in  a  fidd  where  there  is  still  much  to  be  learned. — 
C.  W.  Mabxxn. 

A  now  type  of  nuclear  <tt«lsioa* — CfiATTOii,*in  a  l>rier  l)ut  significant  paper 

throws  new  liRht  on  the  peculiar  nticlLar  phenomena  in  the  Peridiniales  de- 
scribed by  LAUTERBt'kN,  JoLLUs,  BoKGERT,  and  in  his  own  earlier  conirilm- 
tions.  His  studies  were  made  on  species  of  Syndinium^  w  hicli  live  parasilicaily 
in  the  body  cavity  of  oopqMxb,  cspeciBny  favorable  material  because  of  the 
snudl  number  of  chromosomes.  These  have  previously  been  describol  as  ten 
somewhat  rurvetl  filanients  from  a  single  pole  like  the  ribs  of  an  umbrella.  Fur- 
ther study  has  shown  that  this  structure  is  in  reality  (-<)ni{K)sed  of  five  v-shaped 
chromosomes  with  very  sharp  bends,  with  the  points  oi  ihc  v's  converging  at 
the  pole.  Cleavage  takes  place  thit>ugjM>ut  the  length  of  the  chromosomes, 
so  ttmt  ten  v-ihaped  daughter  chrom<»otn(  are  formed.  Five  of  these  remain 
grouped  about  the  original  pole;  the  points  of  the  remaininj^  five  IjLHTome 
centered  about  a  new  pole  which  is  at  tkst  close  to  the  original  one.  then 
gradually  movth  away.  In  some  species  the  cleavage  is  completed  at  once; 
in  others  the  daughter  cfaiomosomes  remain  united  at  their  tips  and  turn  as 
upon  a  Idnge,  so  that  a  bipofaur  q}iiidle><haped  structure  (not  a  true  aduomatic 
spindle)  is  formed,  composed  of  the  two  scries  of  v  shaped  chromosomes 
converping  at  either  end.  The  chromosomes  then  hreak  apart,  and  it  is  this 
separation  which  was  formerly  interpreted  as  a  transverse  division  of  chromo- 
somes, when  it  is  in  reafity  merely  the  final  aepaiadon  of  duomoMincs  pro 
viousbr  formed  by  lonptudinal  fission.  Nothmg  resembling  a  true  tqiindle 
was  seen. 

Ordinarily  no  resting  stage  appears  to  ocrtir.  hut  it  was  obser\-ed  in  certain 
cases  where  the  development  ot  the  peridine  had  been  inhibited  by  some 
factor,  as,  for  example,  the  presence  of  another  parasite.  In  sudi  caacs  the 
nudeua  appeared  to  be  comfMsed  of  a  large  number  of  ndcroaomes  grouped 

around  a  central  nucleolus. 

A  di\ision  of  this  kind,  while  distinctly  simpler  than  one  taking  place  in 
connection  with  the  usual  achromatic  structures,  would  i^pear  to  be  quite  as  . 

•Chatton,  Edoi  aru,  Sur  un  mccanisnie  cineUqur  nnuveau.  La  mitose  syn- 
diennc  chcz  Ics  Peridiniens  ptumaites  ptasmodiaux.  CompU  Raid.  Acad.  ScL  171:  £59- 

86j.  fig.  I.  IQil. 
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effective  in  securing  an  exact  distribulion  of  the  chromatin.  The  author  pro- 
poses for  it  the  sptx;ial  term  ''syndinial  mitosis."  ami  expresses  the  opiuioa 
that  further  study  oi  the  free  peridines  will  show  that  nuclear  division  in  such 
fofins  is  aUo  of  thb  type.— G.  W.  Maxtik. 

Cytology  of  Porphyra. — ^Since  a  cytological  study  of  the  Bangiaks  might 
throw  Ugfat  upon  the  ntudi  ^bamtA  but  little  investigated  proUem  as  to 
whether  tbn  group  it  primitive  or  reduced*  whether  it  should  stand  at  the 

beginning  or  at  the  end  of  the  red  algae,  IskikawaI  fixed  material  and  has 
described  si-v«.  ral  critical  stages  in  the  life  htstoiy  of  Ptrpkjft^a  knerCf  a  charac- 
teristic genus  of  the  order. 

The  cdtl  wall  shows  no  cellulose  reaction,  but  icqioads  to  tests  for  pectic 
substances.  The  targe  stellate  chromatopbore  contains  one  oonsplcuous 
pyxenoid  which  has  often  been  mistaken  for  a  nucleus,  the  real  nucleus  (only 
1.5-?^  in  diameter)  being  hard  to  delect  in  living  material,  although  easy  to 
see  in  well  stained  preparations,  where  it  appears  as  a  black  globuic  with  no 
structural  differentiation.  At  division  the  nucleus  elongates,  and  splits  by 
longitudinal  fissures  into  three  filaments  which  constrict  in  the  middle,  so 
that  three  pii-ces  go  to  each  pole.  The  procit^s  looks  like  that  described  for 
some  Cyano[)hyceae.  especially  Synprary^fh.  The  figures  show  neither  nucle- 
olus nor  nuclear  membrane,  so  that  the  type  appears  to  be  very  primitive. 
The  anthcridium  consists  of  64  or  128  cells,  and  the  spermatium  has  a 
duomatophore  and  a  group  of  three  chromosomes  without  any  nudear 
membrane.  The  carpogonium  is  slightly  prominent  at  both  ends,  the 
prominence  constituting  a  rudiment  an,-  trichog^Tte.  Spermatia  wert-  found 
attache*!  to  the  trichogync.  hut  the  actual  process  of  fertilization  was  not 
observed,  nor  was  there  any  study  of  the  iu-sl  and  second  divisions  of  the 

^yfote.  It  seotts  retsonable,  however,  to  suppose  that  xcdoctioa  of  chromo- 
somes occurs  during  these  divisions,  as  in  many  other  algae. 

TsHiicAWA  would  regard  Hangiales  as  a  connecting  link  between  the 
("yanophyceae  and  the  Florideae.  a  conclusion  which  is  helped  by  the  fact  that 
Porphyridium,  a  genus  sometimes  placed  in  one  group  and  sometimes  in  the 
othsr,  has  no  sexual  rqiroduction.  So  far  as  pigments  are  concenied,  some 
of  the  Rhodoplqrceae  have  phyooqnui  and  some  of  the  Cyinophyceae  have 

pl^cocr\thrin. 

.\lt  hough  a  careful  invtstigation  of  t  he  whole  life  history  of  several  members 
of  the  Bangialcs  is  desirable,  it  seems  probable  that  any  future  study  of  the 
group  will  confirm  Ishikawa's  oondusfons. — C.  J.  Chambeilaik. 

Ecology  of  Urtica  dioica. — In  an  interesting  study  of  the  factors  which 
locally  limit  the  distribution  of  the  common  nettle,  Urtica  dioica,  Olsen* 

1  IsiTiK  WW,  M.,  pytolo^cal  studies  en  Porfkfta  t^inv,  Bot.  Msgsrint  Tokyo 

15:  306-318.  1921. 

*  OhSMK,  CAitsT£i<,  The  ecology  of  Urtka  dioica.   jotu.  EcoL  9:  i-iS.  ft.  i.  igii. 
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states  that  it  is  aliundant  in  Denmark,  growing  mostly  in  larRO  close  com- 
munities. Its  grcgiirious  habit  is  Hue  to  the  activities  of  horizontal  rhizome, 
which  also  account  for  the  sharpness  of  the  boundaries  separating  it  from  other 
vcgfitatkm.  It  thrives  weQ  in  full  U^t»  and  in  siiade  up  to  5-10  per  cent  of 
open  daylight,  tlie  gvefttcst  vigor  bdng  shown  in  lo-ao  per  cent  of  fuU  iUuminar 
tion.  A  moderate  amount  of  soil  moisture  also  seems  necessary  to  meet  its 
reqinrcments;  but  while  Ol<?f.S'  has  determined  the  pfrrentagc  of  soil  moisture 
in  the  habitats  under  consideration,  he  has  not  attempted  to  detenmnc  the 
growth  water  available. 

By  several  authon  Urlka  dhiea  has  been  placed  among  nitiogen-requiring 
plants,  and  the  principal  feature  of  this  investigation  was  the  expcrimcnt:J 
examination  of  this  quality.  Microchi-miral  tests  showed  thfit  the  plants 
themselves  always  contained  considerable  nitrates,  especially  in  the  stems, 
rhiaomcs,  and  roots.  Sofl  sampiga  were  then  taken  at  a  depth  at  which  the 
roots  of  the  plant  abound*  in  twenty  localities,  some  within  and  others  without 
the  nettle  communities.  The  nitrate  content  of  such  samples  was  determined, 
hoth  at  once  after  they  were  taken,  and  .again  after  the  soil  h  ul  bi-m  kept 
moistened  in  a  jar  at  18°  C.  for  twenty-five  days.  This  procedure  wiis  ia  order 
to  obtain  an  cxpfession  of  the  nitrifying  power  of  the  soil.  These  data  were 
tabulated,  together  with  the  hydrogen-ion  concentration,  the  percoitage  of 
soil  moisture,  and  the  Ught  value  of  the  locality.  The  table  makes  it  evident 
that  the  onl>  fai  tor  varying  directly  with  the  presence  of  Urtka  dioka  is  the 
nitrate  content  oi  the  soil. 

Experimental  cultures  of  the  plant  were  made,  using  portions  of  rhizomes 
planted  in  wadied  sand  and  watered  with  nutrient  solutions  containing  vaiying 
amounts  of  nitrates.  Growth  was  in  direct  proportion  to  the  relative  amount* 
of  available  nitrogen;  hem  e  the  conclusion  was  rrarhid  that  Urlua  dioka  in 
nature  is  able  to  make  sufticicntly  vigorous  fjrowih  to  enable  it  to  compete 
successfully  with  other  vegetation  only  where  ilicre  is  a  relatively  large  amount 
of  nitrogen  in  avaibble  form  present  in  the  soil.  The  experiment  also  showed 
that  nitrification  proceeds  in  soils  showing  an  add  reaction  as  hi^  as  Pa  03.6, 
and  that  ammonium  Used  as  a  soiuce  of  nitroi^  was  toxic  to  the  nettle.'— 
LiJiO.  D.  Flllek. 

Pink  root  of  onions.— .Another  of  the  many  diseases  directly  attributed  by 
farmers  to  alkali  in  the  «ioi!  has  rtrently  been  nhown  fo  be  due  to  a  parasite, 
as  a  result  of  investigations  carried  on  in  the  iexas  Experiment  Station.* 
Isolation  and  inoculation  studies  have  definitely  connected  a  qiecies  of 
Pusarinmt  tentatively  callcdF.  moffi,  with  the  phik  lo^t  disease  of  onions.  Over 
twenty-five  species  of  fungi  were  found  in  diseased  plants,  including  several 
species  of  Fusarium,  and  the  association  of  some  of  these  fimgi  with  F.  malli 
increased  the  virulence  of  the  latter.    All  varieties  of  onions  and  garlic 

i  TauhknH'M^s,  J.  J.,  and  .Mally,  \V.,  Pink  root  disease  of  onions  and  its  OOOtrol 
in  TcAu^.   Texas  Agric.  Exp.  Sta.  Bull.  373.  pp.  42.  Jigs.  j.  1921. 
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inociilated  appeared  to  be  more  or  less  susceptible  to  the  pink  root  orgaaini» 
but  other  liliaroous  plants,  such  as  Funkia.  Tid'ipa.  Calla,  Iris,  and  Liiium  were 
immune.  Pink  root  of  onions  has  been  observed  in  California.  Iowa.  Wisconsin, 
New  York,  and  the  Bermuda  Islands.  In  Texas  it  seriously  threatens  the 
induBtxy  of  grmriog  onioas  for  the  caily  northern  markdm,  which  industry  lias 
become  an  important  one.   Losses  vary  from  Si  50  to  $400  per  acre. 

Symptoms  of  pink  root  include  yellowing  of  the  roots,  followefl  I)y  their 
pink  discoloration,  drying,  and  death.  The  bull)  exhausts  its  energy  in  produc- 
ing new  ruoLs.  Alkali  soil,  deficiency  in  nitrogen  and  humus,  excessive  tempera- 
tures, eel  worm  and  thripa  attacks  are  factors  favoring  the  disease.  The 
seed  is  not  a  carrier,  but  onion  ''sets,'*  both  dry  and  green,  may  harbor  the 
causal  fungus.  Suggested  control  mctho<Is  include  the  use  of  virgin  soil  for 
sectl  bed  and  field  plantings,  steam  or  formaldehyde  disinfection  of  seed  beds 
known  to  contain  the  pink  root  fungus,  rotation  of  crops,  the  use  of  quickly 
acting  fertilisers,  carefiil  use  of  tools,  and  various  cultwal  practices  favoring 
«mtinued  growth  of  the  crop.  An  attempt  to  control  nematodes  fay  adding 
cyanimide  to  the  soil  failed  because  the  amount  requked  to  affect  nematodes 
killed  the  crop. — J.  G.  Brown. 

Carbon  nutrition. — Storage  rot  fungi  of  the  sweet  potato  have  been 
investigated  by  WEmtK  and  ilAKXbK,^  who  tind  that  seven  of  eight  species 
causing  rot  can  utilize  glucose  as  a  source  of  carbon.  Five  of  them  are  able  to 
increase  the  addity  of  the  culture  medium,  and  certain  qwdes  increased  the 
oemotic  cmoentration  of  the  substratum.  The  glucose  is  utilized  partly  as  a 
source  of  energy,  partly  in  producing  mycelium,  and  perhaps  in  still  other  ways. 
The  respiraton,'  activity  of  these  organisms  has  been  studied  by  the  same 
authors,^  who  used  the  amount  of  COi  set  free  us  the  measure  of  the  carbo- 
hydmte  used  in  this  process.  PmteiUhm  sp.,  BairyHs  ctnemtf  and  SikroHum 
boMiC9h  grew  slowly,  produced  relatlveh  large  amounts  of  dry  material, 
consumed  nearly  all  of  the  glucose,  and  produced  COj  most  fn-ely.  The 
other  species  grew  more  rapidly,  but  produced  comparatively  small  amounts 
of  COa  and  did  not  consume  all  tlie  glucose.  The  economic  coeliicient  was 
found  unusually  high  in  two  species.  Punrmm  aeutmnalmi  required  X7.1X  G. 
and  Mtuor  racemosus  22.86  G.  glucose  for  each  gram  of  diy  matter  grown. 
The  CO,  set  free  is  not  equal  to  the  theoretical  amount  that  could  have  formed 
from  the  sugar  consumed.  Some  of  the  sugar  e\ndently  was  not  completely 
respired,  as  alcohol  and  acids  appeared  in  some  of  the  culture  solutions. — 
C.A.SBUU. 

Transmission  of  potato  wiits. — Among  the  various  wilts  which  are  respon- 
nbte  for  heavy  loases  sustained  by  potato  growers  are  those  due  to  attacks  of 

*  Weim£R,  J.  L.,  and  Master,  L.  L.,  Glucose  as  a  source  of  carbon  for  certain 
sweet  potato  stoiage  tat  fungi  Joar.  Agric  Res.  si$  189^10.  19SI. 

*  ,  RM{ijiatiim  of  sweet  potato  stoiage  rot  fungi  when  gtowa  on  a  autrient 

selntion.  Jour.  AgiiC]tes.ssssii-as&  1911. 
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Fusarium  oxyspoHum  and  VertkiUium  aJbo-atrntfr  T  i  order  to  determine  the 
degree  of  transmission  of  these  wilts  throuph  sixtl  tubers,  McKay*  has 
carried  on  experiments  with  numerous  varieties  ot  potatoes  for  four  years. 
FtftfaBMrnatti^^alriMooc^  than 
in  roedium-aked  ones,  50-50  per  cent  of  the  ctop  grown  from  infected  seed 
tubers  being  diseased  with  Verlkiltium  wilt,  as  shown  by  culturt-s.  Fmarimm 
oxysporium  is  transmitted  in  a  lesser  degree,  and  it  appears  to  be  capable  of 
remaining  virulent  in  the  soii  for  several  years  after  the  production  of  a  crop 
of  potatoes.  Vascular  discoloration  is  an  imreliable  index  of  VertkiUium 
infcctioa,  sinoe  appronmatdy  7*^17  per  cent  of  cultured  tubeis  iriiich  iModuoed 
the  fungus  show  no  discoloration,  and  5$  per  Cent  off  the  tubers  which  show 
brown  vascular  discoloration  g^ive  ii"  ori^anism  parasitic  for  the  potato. 
Ailhough  the  discoloration  occurs  at  the  stem  end  of  the  tuber,  .stem-end  seed 
pieces  give  no  more  disease  than  eye-end  pieces  of  the  same  infected  tuber. 
Numerous  spedes  of  Fuaorkm  and  other  fungi  mostly  s^nophytic  in  native 
appear  m  cultures  of  wilt  diseased  tubers.--J.  G.  BtowM. 

CirtioMal  hydcatfon.— In  two  recent  papers  MacDoocal**'"  discusses  the 

effects  of  bases,  salts,  and  other  substances  on  the  hydration  capsdty  of  pre- 

pared  colloidal  Imdics  and  masse?  of  vegetable  cells.  In  a  previous  paper"  he 
had  reported  that  o.oi  N  hydroxides  retard  the  hydration  of  colloids,  and  sug- 
gested that  the  chief  function  of  the  base  forming  metals  required  by  plants 
might  be  the  restricting  or  limiting  of  the  hydration  capacity  of  the  living  proto- 
plasm. He  now  finds  that  when  concentrations  of  aooi  to  oxiooi  M  solutiom 
of  chlorides  and  nitrates,  and  o.ooi  to  o.ooci  N  hydroxides  are  used,  con- 
centrations comparable  to  those  occurring  in  living  cells,  the  hydration  is 
increased  and  not  restrict^.  He  therefore  reinterprets  the  function  of  the 
metallic  dements  as  aoodeiatom  of  hydration  and  growth.  Correction  is  also 
made  regarding  the  effects  of  HCl.  At  a  value  of  4.2  the  add  is  now  shown 
to  cause  more  swelling  than  water.  Some  interesting  studies  of  the  hydration 
of  roots  of  different  ecological  typ^,  and  of  roots  grown  in  ditTerent  types  of 
soil  are  reported.  In  general  he  conclurk-s  that  all  substances  which  are  known 
to  fadliiate  growth  in  plants  will  at  appropriate  concentrations  increase  the 
hydration  capadtv  m  some  of  the  colloidal  objects  tested.-^.  A.  Sbdix. 

Vertical  distribution  of  Fucus. — Fucm  lias  long  been  regarded  as  charac- 
teristic of  the  none  of  tidal  phy,  largely  because  of  its  high  lii^t  requirement 


*  McKay,  B.  M.,  Transmissioa  of  some  wilt  diseases  in  seed  potatoes.  Jour. 
Agric.  Res.  ai:8ji-847.  »y2i. 

*MacDoccal,  D.  T.,  Water  defidt  and  the  action  of  vitanines,  amuo- 
compounds,  and  salts  on  bydiation'.  Amcr.  Jour.  Bot.  8:296^303.  1921. 

"  — ■ — ;  The  action  of  bases  snd  salts  on  InoooUoids  and  cdl  wiswcs.  Prac. 

Amer.  Phil.  Soc.  60: r 5-30.  iq?i. 

"  ,  Growth  in  organisms.  5001^649:599-605.1919. 
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and  its  capacity  for  exposure  to  the  air.  Gail  has  made  some  exact  studies  to 
determine  the  controlling  factors  in  distribution."  High  light  requirement 
is  well  shown  by  the  fact  that  the  average  vertical  distance  occupied  by  Fiuus 
on  south  slopes  is  over  2  ra.,  while  on  north  slopes  it  is  less  than  one-third  of  a 
meter.  North  eapoemet  Kith  a  high  shote  line  have  lemPmrn  at  all,  and  there 
is  little  or  no  Fmem  under  oveaAanginB  trees.  Caiefol  experimental  study 
showed  that  mature  Fucus  plants  are  more  resistant  to  low  light  intensities 
than  are  sporelings,  that  reduced  light  intensities  cause  the  death  of  well  grown 
Fiuus  plants  i  m.  below  the  water  surface,  and  that  reduced  light  causes  the 
death  of  ooqwces  and  speedings  when  planted  more  than  3  dm.  below  the 
water  surface.  Well  grown  Pueus  plants  receiving  km  than  one-fourth  total 
light  become  darker  in  (X)Ior,  and  decomposition  takes  place.  From  these 
considerations  it  is  properly  concluded  that  light  is  a  controlling  factor  in 
determining  the  lower  limit  of  Fucus. — H.  C.  Cowles. 

Vegetation  of  the  Dry  Tortugas. — The  Tortugas  are  the  westerntnost  of 
the  Florida  keys,  and  are  the  <cat  of  a  marine  laboratory  of  the  Carnegie 
Institution.  While  engaged  in  other  work,  Bowman  took  occasion  to  make  a 
detailed  ttvAy  of  the  distribution  and  q>edal  ecology  of  the  vegetation  of  the 
Biy  Toctngas.'*  After  brief  statements  on  the  geology  and  the  dintatic 
conditions,  the  author  presents  a  general  sketcn  of  the  vegetation,  which 
speaking  broadly  belongs  entirely  to  the  strand  f^ora.  Even  Rhisophora  is 
lacking  in  the  sense  of  an  association,  because  of  the  xerophytism  of  the  condi- 
tions.  Four  communities  are  recopuaed,  dominated  reflectively  by  Unicia 
paMkutattt,  Swimta  manUma,  Opmi^  DtUlmiiV  and  Clumaesyet  bui^aUa.  A 
detailed  account  then  loHowS  of  the  ^>ccial  vegetation  of  each  of  the  eight 
keys  that  make  up  the  group.  Of  especial  interest  is  the  author's  comparison 
of  the  vegetation  of  the  islands  in  1915  and  1916  with  their  vegetation  in  1904* 
as  reported  by  Lansing.— H.  C.  Cowles. 

Scrophulariaceae  and  Orobanchaceae. — Boksiiohe'*  has  reached  the 
conclusion  that  the  Orobandiaceae  represent  an  extreme  otMioot  from  the 
Scroirinilariaceae.  This  conclusion  Is  based  vipm  a  detailed  study  of  the 
roots,  stems,  leaves,  flowers,  and  seeds  of  both  families.  From  a  review 
of  these  details,  the  author  concludes  that  there  is  ample  evidence  "to  show 
that  direct  and  distinct  continuity  can  be  established  from  non-parasitic 
througn  setni-panisitic  Scrophulariaceae  to  the  most  degraded  para^sites  of  the 
ismily,  and  that  these  again  ehow  direct  continuity  with  the  still  more  degraded 

"  Gaii.,  Ft.nvi)  \V.,  Some  experiments  with  Fiuus  to  drtt  rtnine  the  factors  con* 
trolling  iu  vcrli4,iU  di^lribution.    Publ.  Puget  Sound  Biul.  Sta.  2:1^9-151.  iyi8. 

**  BowiiAN,  H.  U.  M.,  Botanical  ecok^  of  the  Dry  Tortugas.  Carnegie  Inst. 
Waddagton  Fnbt.  assstoo-isS.      6.  fip.  f,  1918. 

MBoiSHORc,  I.,  The  morphological  cootinnity  ol  Seiophularkcaie  and  OiO- 
hanrhareae.  COntrib.  Bot.  Lab.  Uoiv.  Peon.  Sis39-X77*      iJ-'tf.  19^0. 
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and  condenscdly  parasitic  types  of  Orobuii*  haceac."  The  author  cites  the 
genera  iha.1  represent  the  various  stages  in  this  series,  and  also  describes  the 
progressive  changes  in  the  various  structures.— J.  M.  C. 

Permeability. — The  permeability  of  Lnminana  n^ardhii  as  affected  by 
anions  from  various  inorganic  and  organic  salts  of  sodium  kis  been  measured  by 
Ram,**  who  used  Osteshout's  electrical  conductivity  methixi.  All  of  the 
anioos  increase  permeabUity,  folbwing  in  a^gnieial  way  the  HonoBeiiR 
aeries.  The  anions  arrange  themselves  by  their  effects  into  several  groups; 
thus  the  monovalent,  bivalent,  and  trivalent  groups  can  be  recognized  by  the 
quantitative  dilTerencc  in  permeability  change  widi  members  of  each  group. 
The  tetravalent  anion,  Fe(CN)6,  did  not  produce  a  fourth  g^up,  but  this 
is  eaplained  as  due  to  low  ooooentratiao  of  the  salt  The  author  believes  that 
the  effects  of  anions  on  permeabiUty  depend  upon  the  valenc>'  of  tlie  anion, 
regardless  of  whether  the  salts  are  ocganic  or  inosganic.— C.  A.  Skdix. 

A  maritime  species. — Following  the  metliods  employed  by  Boxxies.  cS 
dividing  individual  plants  am!  growing  the  resulting  halves  under  different 
(limatir  ronflttion?,  Dwiri,  ''  in  loo?  separateii  plants  of  Aspkodrhts  lutrus 
giuv\ing  at  Rennes  (France;  and  planted  portions  of  them  in  a  seaside  garden 
at  Erquy.  As  a  result  of  the  nuuitune  dimate  such  striking  dumges  resulted 
in  tlie  general  form  of  the  plant,  m  the  Inanching  habit  of  the  infloresoence, 
anrl  in  other  structural  features  that  at  present  the  seaside  forms  are  sufficiently 
di>tini  t  to  be  regarded  a.s  a  di'^f  inrt  species.  This  derived  spedcs  he  has  named 
Asphoddtis  iutcaides.  This  he  believes  to  be  the  lirsi  recorded  instance  oJ 
maiitune  conditkms  transforming  a  plant  to  such  an  extent  that  the  resulting 
form  is  entitled  to  sped&c  rank.— G.  D.  Fullek. 

Animal  borrows  an  ecological  factor. — On  some  small  islands  in  the  outer 
archipelago  of  Stodkhobn  poascaaing  a  humid  oceanic  climate  Rohbu."  reports 
tliat  voles  eating  the  grass  roots  within  their  burro^-s  upset  the  ecological 

equilibrium  and  cause  strips  of  Sfthnpuim  to  replare  the  turf.  The  irrigular 
mosaic  thus  formed,  however,  is  not  pemmitt:nt,  as  the  Sphagnum  seems  unable 
to  resist  the  invasion  of  the  grass. — Geo.  D.  Fuuxjl 

R.\BCR,  O.  L.,  .\  quantitative  study  of  the  effect  of  anions  on  the  prrmeahility 
of  plant  cclb.  I.  Jour.  Geo.  Physiol.  »iS3S-$$9>  19^0;  II.  Amex.  Jour.  BoU 
8:366-368,  1911. 

*  Danikl,  LvcsvSf  ObteQtion  d'une  ttp^  nouvdie  d'Aahpbodlfe  par  I'actigA 
du  climat  madn.  Rev.  Gen.  Bot.  13:225-237,  316-327,  357^71,  420r-436.  fb. 

Jigs.  12.  IQ3I. 

'7  RoMEix,  L.  G.,  Voles  as  a  factor  in  plant  ecology.  Svensk  Bot.  Tidsk.  is:43- 
45-  >9ai. 
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CYTOLOGY  OF  CiiLDROPHYLL  TYPES  OF  MAIZE 
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(with  plates  Xl-XVl) 
Introditctkiiii 

Duiing  recent  yeais  there  have  been  discovered  a  number  of 
instances  of  dbioropliyil  inheritance  which  are  diaiacterised  by 
features  due  to  unusual  modes  of  chlorophyll  distribution  and 
behavMir.  These  phenomena  are  obviousty  of  interest  both  to  the 
geneticist  and  the  cytologist;  to  the  geneticist  because  some  of 
them  almost  certainly  r^resent  distinct  cat^on't  f  inheritance, 
and  to  the  cytologist  because  of  the  manner  in  which  they  involve 
the  origin  and  behavior  of  cell  organs  other  than  the  nucleus, 
which  latter  has  been  generally  held  to  be  mainly  responsible  for 
the  transmission  and  development  of  inherited  characters.  Much 
attention  lias  been  devoted  to  this  subject  by  j^enetici^tts,  whereas 
the  cytolopical  aspects  of  the  problem  have  not  as  yet  received  as 
much  attention.  It  has  been  felt  that  a  more  adequate  knowledge 
of  tlie  behavior  of  the  visible  constituents  of  the  cell  Is  of  prime 
iraporiijncc  in  the  attcmjn  to  find  a  solution  oi  the  problem.  The 
present  study  was  undertaken  for  the  ]nirpose  of  determining 
whether  or  not  there  are  in  the  cells  ol  certain  chlorophyll  types 
of  maize  any  visible  structural  differences  which  can  be  shown  to 
be  responsible  for»  or  correlated  with,  the  known  genetic  bdiavior 
of  these  plants* 
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There  have  been  described  numerous  cases  of  clilocopbyll 

variation  which  involve  an  unequal  and  frequently  a  very  irrcg:ular 
distribution  of  green  color  in  various  regions  of  the  plant.  The 
inheritance  of  such  color  patterns  has  not  been  found  alwa>*s  to 
conform  to  the  behavior  usually  ascribed  to  Mendelian  characters. 
A  number  of  these  cases  will  be  reviewed  briefly,  and  for  convenience 
those  which  ha\  e  been  reported  in  maize  and  other  known  c^es 
will  be  considered  separately. 

Plants  other  than  maize. — A  large  number  of  more  or  h  -s 
distinct  color  patterns  have  been  shown  to  behave  as  simple  Men- 
delian recessives.  Albino  seedlings,  de\  oi<l  of  chlorophyll  and  which 
consequenth  die  in  the  seedling  stage.  ha\  e  been  reported  in 
Antirrhinum  latijolium  and  Mdandrium  album  by  Baur  (3),  in 
Hordeum  dislichum  by  Kiesslixg  (38),  and  in  Phasecius  vulgaris 
by  TjEBBES  and  Koohian  (55).  Pale  green  seedHngs  bave  been 
described  in  Vrtka  pUuliJera  by  Cossens  (6),  and  in  Ipomoea 
kederacea  by  Miyazawa  (49).  Yellowish  green  seedlings  bave 
been  reported  In  MmihUis  jalapa  xofUka  by  Cosksms  (7),  and  in 
NieaUana  rusUca  by  Allasd  (i).  Various  types  of  chlorophyll 
variation  have  also  been  shown  to  be  inherited  as  simple  Mmdel' 
ian  recessives :  in  AquiUgia  viUgans  by  Baxte  (3),  in  PlKSMfii  arvense 
by  Kajanus  (37),  and  in  CapseUa  huna-paOans  and  Arabis  aUnia 
by  CoissNS  (8). 

Tn  other  cases  similar  characters  do  not  seem  to  be  inherited  in 
a  Mendelian  fashion,  but  are  transmitted  from  one  generation  to 
the  next  through  the  female  parent  alone.  Since  the  male  parent 
docs  not  seem  to  be  definitely  ct^ncerned  in  the  transmission  of  the 
character,  such  cases  ha\e  been  called  "maternal  inheritance." 
The  first  case  of  this  sort  was  described  by  Cokrens  (6)  in  Mirabilis 
jalapa  nibotmcuiaia.  Plants  of  this  strain  produce  branches 
having  green  leaves,  others  havin<^  white  leaves,  and  ^till  others,  with 
leaves  which  arc  i)artly  green  a.nd  partly  while.  All  t>i:»es  oi 
branc  lies  occur  on  the  same  plant,  and  all  bear  flowers.  It  was 
found  that  flowers  from  a  green  brunch  when  self-fertilized  produced 
only  green  seedlings  in  the  following  generation,  and  bred  true 
thereafter.  When  crosses  were  made  between  flowers  of  green 
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and  white  branches  occurring  on  the  same  plant,  the  resulting 
progeny  always  resembled  the  branch  which  produced  the  female 
gamete,  regardless  of  the  way  in  which  the  cross  was  made.  The 
results  obtained  showed  clearly  that,  so  far  as  chlorophyll  cliaracters 
were  concerned,  the  ofTspring  were  not  affected  by  the  pollen. 
CoRRENS  expLiiacd  llicsc  results  by  assuming  that  the  absence  of 
chlorophyll  was  due  to  a  cytoplasmic  disease,  which,  alihough 
manifesting  itself  in  the  plastids,  ma>'  or  may  not  be  limited  to 
these  organs.  The  diseased  condition  is  acccKcdingly  transmitted 
fsom  one.geiienttioii  to  the  next  osily  through  the  egg  cytoplasm, 
the  male  parent  not  affecting  the  character  of  the  offering,  aince 
no  male  cytoplasm  is  bioui^t  into  the  egg  at  the  time  of  f erdlizatibn. 

A  situation  similar  to  this  was  described  by  BAmt  (3)  in  An^ 
rlnmm  tiugits  albomaadata  and  AquUegia  wlgaris,  and  also  by 
GsxoosY  (33)  in  Priimila  sinmsis.  These  workeis,  however,  aie 
incHned  to  the  view  that  two  kinds  of  plastids,  diseased  and  normal 
ones,  become  segregated  during  somatic  mitoses  to  different  cells 
and  consequently  to  different  re^am  of  the  plant  tissue.  This 
results  in  the  variegated  appearance  common  to  plants  of  these 
strains.  The  diseased  plastids  are  described  by  GsBOCUtY  (a3» 
pi.  TO,  fig.  to)  as  being  pale  yellow  and  smaller  than  the  normal 
pListids.  In  young  actively  growing  leaf  tissue  both  kinds  are 
present  in  the  same  cell.  Another  interpretation  should  be  placed 
on  these  figures  of  Gregory,  as  will  be  dbcussed  later. 

A  somewhat  different  case  is  that  reported  by  Baitr  (2)  in 
Pelargomum  zonale  alhomarginata.  In  this  form  plants  occur 
which  have  green  branches  and  entirely  white  branches.  Flowers 
borne  on  either  green  or  whiu  br.mchcs  when  self-fertilized  produce 
offspring  in  succeeding  generations  wliich  are  like  the  original 
branch.  When,  however,  crosses  are  made  between  green  and  white 
branches,  mosaic  seedlings  (green  and  white)  result,  regardless  of 
the  way  in  which  the  cross  is  made.  Tiiis  case  differs  from  that  of 
MtrobUu  in  tliat  the  inheritance  is  not  the  maternal  type.  Here 
both  the  male  and  female  gametes  must  be  concerned  in  the  trans^ 
mission  of  the  character.  Baur  is  led  to  assume  that  plastids 
rather  than  the  nucleus  are  directly  re^nsible  for  this  unusual 
type  of  inheritance,  and  that  they  are  brought  in  by  the  male 
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gamete  to  the  cytoplasm  of  the  egg  at  the  time  of  fertilization. 
This  assumption  is  directly  contradictory  to  that  of  CoRRENS. 
Baur  further  assumes  that  there  are  present  in  these  plants  two 
kinds  of  plastids,  green  and  colorless  ones,  which  are  jiermanent 
cell  organs  and  are  sorted  out  and  unequally  distributed  to  flaughter 
cells  during  somatic  mitoses.  Thus  there  results  a  segregation 
green  and  colorless  plastids  in  differenl  parts  of  the  plant,  and  Uiis 
is  heUl  to  account  for  the  absence  of  chlorophyll  in  certain  regions 
of  the  plant.  Baur  (4)  later  reported  similar  cases  in  a  strain  of 
Atidrrkiiiiim  mtgus  ^^bomacaUakm  and  in,  AquUegia  vulgaris. 

Additional  evidence  has  been  fiiniiahed  by  Ikbno  (36),  who  has 
woiked  with  varieggited  laces  of  Capsicum  annmm  and  obtained 
results  similar  to  those  of  Baur  in  Pdargonitm*  Such  strains  of 
-  Capsicum,  however,  differ  from  Pehrgmkm  touale  albomarginaia 
in  that  aO  the  plants  produced  show  seme  d^ree  of  vaxiegation, 
although  green  branches  may  occur.  Furthermore,  when  pollen 
is  taken  from  flowers  on  either  varie^sted  or  gieen  branches  of  a 
variegated  strain  and  used  to  pollinate  flowers  on  normal  green 
plants,  the  resulting  progeny  are  always  variegated,  although  to  a 
less  degree  than  in  the  variegated  parents.  Ikeno  believes  that 
this  character  is  not  controlled  by  the  nucleus,  but  by  plastids 
(diseased  or  norma!)  which  are  transmitted  from  one  generation  to 
the  next  by  both  parents.  An  apparently  significant  fact  in  this 
connection  is  that  the  two  t>pcs  of  hereditary  transmission, 
maternal  and  biparental,  have  not  been  found  to  occur  in  the  same 
spei  ies.  It  is  possible  that  this  may  meiin  that  male  cvloplasm 
regularly  enters  the  egg  in  some  species  and  not  in  others;  but 
adequate  cytt)logical  e\  idence  for  this  is  lacking. 

Maize.-  Numerous  cases  of  chlorophyll  inheritance  have  been 
reported  in  maize.  Many  distinct  types  have  been  described 
which  differ  greatly,  not  only  in  the  mode  of  thdr  inheiitaBce, 
but  also  in  the  amount  of  chlorophyll  present  and  the  distribatbn 
and  appearance  of  the  pigment  during  the  growth  period.  Emerson 
(30)  described  several  chlorophyll  types,  and  presented  evidence 
to  show  that  albino  seedlings  conform  to  a  Mendelian  t3Fpe  of 
inheritance,  and  that  the  factor  concerned  is  a  simjde  Mendelian 
recessive.  Gernert  (aa)  presented  similar  evidence.  Milks  (47) 
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furnished  additional  data  on  the  inhrritnTice  of  certain  types  of 
albinism,  and  as  a  result  of  a  cytological  investigation  of  the  albino 
seedlings  concluded  that  plastids  are  entirely  absent  in  plants  of 
that  type.  Lindstrom  (43),  in  a  comprehensive  study  of  chloro- 
phyll inheritance  in  maize,  described  the  behavior  of  eight  distinct 
types,  including  those  already  reported  on.  In  even,'  case  the 
inheritance  was  shown  to  be  Mendelian.  Two  of  these  t>pe3, 
albino  and  yellow,  are  seedling  characters,  the  plants  failing  to 
mature  because  of  the  absence  of  a  sufficient  amount  of  dilorophyll. 
In  a  thiid  type,  known  as  "viiescent,"  the  seedlings  at  fiist  are 
yellowish  white,  but  later  become  green,  and  in  the  matuie  condi- 
tion cannot  be  distinguished  from  normal  green  plants.  The  five 
other  characters  described  by  Iindstrom  as  "golden/'  ''greenish- 
striped,"  ''japonica  white  striped/'  ''japonica  yellow  striped," 
and  ''fine  striped,"  are  manifested  only  in  the  mature  plants; 
the  young  seedlings,  have  a  wholly  normal  appearance.  From  these 
stocks  LiNDSTRoii  concluded  that  plasdd  inheritance  in  maize 
u  typically  Mendelian. 

At  the  present  time,  however,  cases  are  known  in  which  the 
inheritance  of  certain  aberrant  chlorophyll  typ>es  is  not  Mendelian. 
AxDERSOx,  in  genetic  studies  as  yet  unpublished,  has  found  that 
in  a  certain  strain  of  maize  tliero  are  produced  some  plants  which 
are  uniformly  green,  others  unitornily  yellowish  green  without  suffi- 
cient chlorophyll  to  reach  maturity,  and  still  others  with  distinct 
yellowish  green  and  green  stripes.*  Breeding  experiments  so  far 
carried  out  ha\e  failed  to  show  any  inheritance  of  the  unusual 
character  through  the  male  j^arent.  The  plants  which  are  yellowish 
green  lack  a  sufficient  amount  of  chlorophyll  to  reach  maturity, 
and  no  offspring  have  been  obtained  from  them.  The  striped 
plants,  dth^  when  self-fertilixed  or  when  pollen  is  tised  from  a 
green  plant  of  an  unaffected  strain,  produce  some  green  plants, 
some  yellowish  green  plants,  and  some  striped  plants  in  varying 
proportions,  which  seemingly  deprnd.  upon  the  amount  of  ydlowish 
green  tissue  in  the  region  of  the  plant  producing  the  ear.  Ears 
have  been  obtained  which  have  produced  only  yellowish  green 

■Described  In  a  paper  read  by  E.  G.  AnoKUOit  before  tihe  Society  of  Anwricuk 
NMunlifttft  At  Chicngo,  December,  1990.  A  pobliihed  account  b  to  appeer  iiwitly. 
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plants.  The  evidence  indicates  that  this  is  a  case  of  maternal 
inheritance.  In  no  case  has  pollen  from  the  affected  plants  of  this 
stiatn  produced  any  visible  effect  when  used  in  croaaes  on  green 
plants,  either  in  the  first  or  succseeding  generations. 

It  is  deaxly  evident  from  these  cases  that  the  inheritance  ol 
chlorophyU  variations  can  haxdfy  be  accounted  for  on  the  boas 
of  a  sin^  expbtnation.  There  are  widely  different  categories 
which  at  present  seem  to  be  entirely  distinct  In  the  case  of  the 
Mendelian  behavior,  the  eiplanations  offered  are  the  same  as  for 
any  other  character  behaving  in  a  similar  manner,  although  other 
cytoplasmic  organs  having  a  certain  degree  of  individuality  are 
apparently  more  directly  involved  in  bringing  the  characters  to 
eqpre^ion.  In  this  categon*  characters  expressed  by  intraocular 
organs  are  apparently  under  the  control  of  nuclear  factors,  just  as 
are  father  Mendelian  characters  expressed  by  tissues  and  multi- 
ccllu[;Lr  .TET'ins.  The  hypotheses  advanced  to  account  for  the  non- 
Mendelian  behavior  of  similar  characters  assume  that  the  plastids 
themselves  are  permanent  cell  organs  capable  of  transmitting 
certain  characteristics,  and  are  not  controlled  by  nuclear  factors; 
and  furtliermore,  that  in  certain  cases  plastids  are  traikbiaitted  to 
succeeding  generations  by  both  parents,  and  in  other  cases  only 
by  the  female  parent.  It  must  be  admitted  that  such  explanations 
are  highly  speculative,  in  view  of  the  number  of  cytological  observa- 
tions which  have  so  far  been  made. 

Methods  and  technique 

The  general  procedure  followed  has  been  to  eiamine  the  material 
in  the  living  condition,  the  observations  thus  made  being  supple* 
mentedbyastudy  of  fixed  and  stained  preparations.  It  was  found 
that  meristematic  tissue,  including  apical  meristems  and  young 
leaf  tips  of  germinating  seeds,  could  readily  be  studied  in  this  way. 
It  was  necessary  in  the  case  of  older  tissues  to  remove  first  the 
epidermal  layer  of  cells  before  ^*»Tnining  the  mesophyll  cells 
boieath.  A  solution  of  cane  sugar  of  7.5-10  pa:  cent  concentration 
was  found  to  be  a  favorable  medium  in  which  to  examine  fresh 
material.  Oils  which  are  protected  by  one  or  two  cell  la>ers  or 
by  epidermal  cells  will  remain  Uving  for  a  considerable  period  of 
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time,  e\en  in  a  water  mount.  Thus  it  was  found  that  bits  of 
embr}  onic  Uiicri.->tcmatic)  tissue  will  remain  living  and  apparently 
in  an  entirely  normal  condition  for  24-36  hours  in  an  isotonic 
solution  of  cane  sug»r.  In  most  cases,  however,  observations  were 
made  munediately  alter  making  the  mounts  in  order  to  avoid  the 
possibiity  of  any  modification  of  the  cell  contents.  Intra-vitam 
stains,  such  as  neutral  red,  Oesyl  bhie,  Janus  green  B,  etc.,  have 
been  used,  but  une]q>ectedly  proved  to  be  of  relatively  little  value. 
Vaiious  methods  of  fixation  and  staining  were  used,  inchuiing 
those  of  Benda,  Regaud,  CHAMpy,  Laoubssb,  Ben scey,  and  other 
special  methods  which  have  been  reported  as  being  useful  in  such 
studies. 

Description 

The  chloraphyll  types  here  described  do  not  include  all  the 
known  cases  of  chlorophyll  abnormality  in  maize,  but  ha\  e  been 
selected  as  representative  of  certain  distinct  rategorics,  illustrating 
markedly  different  kinds  of  beliavior,  botii  iij  (icnclopmcnt  and  in 
inheritance.  These  types  arc  discussed  in  gcnctical  literature  as 
"normal  green."  '"Mcndelian  white. and  "Mendelian  virescent. " 
The  ''maternal  inheritiince  strain,"  discovered  by  ANDERSON,  has 
not  yet  been  described  in  the  literature. 

The  development  of  plastido  may  readily  be  followed  in  the 
meristematic  and  mesophyll  tissues  of  young  rapidly  growing 
seedlings.  In  the  growth  stages  immediately  following  the  germina^ 
tion  of  the  seeds,  leaf  tissue  is  being  formed  through  the  activity  of 
the  apical  stem  meristem,  and  the  embryonic  leaves  thus  formed 
are  increasing  rapidly  in  size  through  an  active  division  of  t|ie  cells 
making  up  the  leaf  meristem  and  through  a  division  and  growth 
of  the  cells  tfarougliout  the  leaf  tissue.  The  meristematic  tissues 
during  these  and  later  stages  liimish  veiy  favorable  material  for 
a  study  of  the  cytoplasmic  inclusions  of  the  living  cells.  Since 
it  has  been  found  that  the  cytoplasmic  inclusions  of  the  epidermal 
cdls,  as  well  as  those  of  the  vascular  system,  differ  markedly 
from  those  of  the  mesophyll  celk  in  mature  leaf  tissue,  the  study 
of  plastid  (k\  clopment  has  been  limited  to  the  regions  from  which 
mesophyll  cells  are  derived. 
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Normal  gkek\  strain 

Detailed  attention  will  be  gi\  eii  to  the  development  of  plastids 
in  a  normal  green  plant,  and  in  the  consideration  ol  the  other  types 
emphasis  will  be  placed  on  the  points  in  which  such  types  differ 
from  the  normal  plants. 

Appearancf,  in  f.mbky(*.\h  i  eixs. — The  youngest  stages 
examined  were  those  found  in  the  cells  of  the  promcristematic 
region  of  seedlings  36-48  hours  after  germination.  This  region 
occupies  the  apex  of  the  stem,  and  is  composed  of  undifferentiated 
parendiyimttoiis  cdb  vtkh  are  actively  undeigoing  division  in 
aU  planes.  In  undifferentiated  tissue  in  aU  cases  the  observations 
were  made  on  subepidermal  cells.  In  such  cells  the  cytoplasm 
contains  minute  granules  which  may  dearly  be  seen  without  the 
aid  of  special  staining  methods  (fig.  i).  These  granules  appear 
in  the  Uving  cell  as  refringent  globules,  which  are  constantly 
changing  their  position  in  the  cell  as  a  result  of  cytoplasmic  stream- 
ing; this  movement  seems  to  be  a  constant  and  characteristic 
feature  of  actively  dividing  embryonic  cells.  The  siae  of  these 
bodies  is  variable.  In  the  promcristematic  region  they  are  rarely 
more  than  j  n  in  diameter,  and  careful  observation  reveals  a 
closely  intcTfrrading  series  between  these  and  other  smaller  ones 
lyin^  just  within  the  lower  limit  of  visibility,  ^\^latever  their 
size,  these  l)odies  always  appear  sharply  distinct  from  the  homogene- 
ous cytoplasm  in  which  they  are  imbedded,  and  in  this  material 
cannot  be  inteq)retecl  as  j^janular  constituents  of  the  cytoplasm 
itself.  At  this  early  stage  the  cvtoplasm  appears  to  be  entirely 
free  from  other  accumulations  whicii  might  be  confused  with  these 
small  bodies. 

Appearances  which  might  be  interpreted  as  division  stages  are 
frequentiy  seen,  both  in  the  living  ceUs  and  in  fixed  and  stained 
preparations.  In  the  living  celb  a  condition  which  strongly 
suggests  division  by  a  simple  constriction  and  b^Mtftition  of  these 
bodies  is  frequentiy  noted,  but  their  extremely  minute  size  and 
their  constant  movement  make  it  impossible  to  follow  a  single 
granule  for  a  sufficient  length  of  time  to  obtain  direct  evidence  for 
its  division.  Moreover,  chance  association  and  separation  are  of 
frequent  occurrence,  especially  in  cells  di^laying  active  cyto- 
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plasmic  streaming.  Association  may  be  but  momentaiy,  or  gran- 
ules which  have  been  seen  to  come  together  may  remain  at- 
tached for  a  ron^iderablc  period  of  time.  Thus  when  a  separation 
is  seen  to  occur  it  i-  not  possible  to  tell  whether  one  i>  obser\-ing  an 
actual  division  oi  a  single  granule,  or  a  reseparation  of  two  granules 
formerly  distinct.  The  fact  that  a  paired  arrangement  occurs 
much  more  frequently  than  do  groups  oi  ihree  or  groups  of  four 
might  be  considered  as  suggestive,  but  in  view  of  the  observed 
behavior  described,  this  can  scarcely  be  considered  as  coiu  iaciug 
proof  of  division.  'J'his  point  is  of  interest  in  view  of  the  undoubted 
division  of  similar  bodies  which  have  become  larger  in  older  cells. 
Tbe  maikfid  vailatioa  in  tiie  siae  <A  these  bodies  and  the  fact  that 
evidence  for  their  division  hi  these  early  stages  is  uncertahi  raise 
the  question  of  their  nature,  a  question  which  will  lie  taken  up  in 
the  discussion. 

Observations  on  tlie  living  cells  afford  no  evidence  for  the 
existence  of  more  than  one  kind  of  body  in  the  class  of  cell  elements 
under  discussion.  An  appearance  suggesting  the  presence  of  two 
kinds  of  bodies,  lighter  and  darker  ones,  is  seen  when  the  cells  are 
examined  with  lenses  of  high  magnification.  This,  however,  is  due 
to  their  relative  position  in  the  cytoplasm.  In  the  living  cdls 
these  minute  bodies  are  continually  in  motion,  and  as  they  pass 
into  the  plane  of  focus  first  appear  faintly  colored,  but  when  sharply 
in  focus  they  are  much  darker  in  color,  then  become  lighter  again 
as  they  pass  out  of  focus.  Thus  a  single  granule  may  appear 
Hght  or  dark  depending  on  its  position  in  the  cytoplasm.  The 
use  of  intra-vitiim  stains,  such  as  are  commuiily  employed  in  studies 
ol  cyto])lasmic  organization,  and  the  tixing  and  staining  methods 
which  have  been  shown  by  recent  workers  to  preser\'e  the  cytoplasm 
faithfully  with  iL>  \  arious  inclusions,  have  also  failed  to  diliticiitiaic 
distinct  kinds.  Treatment  with  osmic  acid  does  not  appreciably 
alter  the  appearance  of  these  bodies  (fig.  52).  When  treated  witii 
Benda's  fiiiEtion  and  stamed  with  haematoxylin,  the  cytoplasmic 
inclusions  are  well  preserved,  and  thdr  appearance  is  similar  to 
that  of  living  cells  (fig.  53).  Since  these  bodies  have  been  found 
to  occur  as  a  constant  feature  of  the  C3rtoplasm  of  meiistematic 
cells  in  maixe,  and  inasmuch  as  they  have  been  found  to  be  definitely 
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connmed  with  the  foimaticHi  of  chloroplasts,  the  term  "pay 
phatid"  wiU  be  used  for  such  bodies.  Other  (^rtq>Iasmic  granules 
and  transitory  accumulations  not  concerned  with  the  development 

of  plastids  may  be  present  later.  Oil  globules  which  can  be  dis- 
tinguished from  the  proplastids  by  their  characteristic  hi{^y 
refractive  appearance  and  microchemical  reaction,  and  other 
metaplasmic  masses  in  the  vacuole  (fig.  5)  are  to  be  found  at  certain 
stages.  The  chcnnical  nature  and  significance  of  these  bodies  are 
not  known,  and  a  detailed  consideration  of  this  phase  of  the  problem 
is  hardly  within  the  scope  of  the  present  work. 

The  position  and  behavior  of  the  proplastids  during  cell  di^nsion 
have  been  observed  in  the  li\  ing  cells.  There  is  ai)i)arent  no 
definite  ^o^ting  out  of  equal  numbers  to  daughter  cells,  or  more 
active  division  of  indi\  iduals  during  this  period.  The  proplastids 
are  grouped  at  opposite  ends  of  the  cell  during  mito^i^.  and  their 
passive  distribution  to  the  daughter  cells  seems  to  depend  wholly 
upon  their  chance  positions  in  the  cytoplasm  at  the  time  of  cell> 
plate  formation. 

Plashd  DiEVELOFiiENT.—The  formation  of  mature  functSooal 
phtftids  from  minute  granular  proplastids  may  readily  be  followed 
in  the  subepidermal  cells  of  the  tips  of  leaf  buds  formhig  itm  the 
apical  meristem.  The  earlier  transitional  stages  are  present  In 
the  mcristematic  cells  near  the  ibices  of  successively  older  seedUng 
leaves  which  aie  growiag  rapidly,  and  which  are  not  yet  exposed  to 
sunlight.  Later  stages  are  found  in  the  leaves  which  are  about  to 
emerge  from  the  surrounding  sheath.  In  passing  from  the  tq»  of 
such  a  leaf  toward  a  point  somewhat  below  the  tip  a  series  of 
stages  may  be  obsen  ed.  Numerous  well  developed  plastids  are 
present  in  the  mesophyll  cells  of  fully  exposed  seedling  leaves. 

In  leaf  tissue  recently  formed  from  the  laical  meristem  the 
cells  contain  some  proplastids  which  have  increased  noticeably  in 
size,  and  others  similar  in  size  and  appearance  to  those  found  in 
younger  cells  (fig.  2).  Vacuoles  are  present  in  these  cells,  and  the 
c\  toi)lasra  becomes  more  or  less  limited  to  the  region  surroundiug 
the  nucleus  and  to  the  ])eripher\'  of  the  cell,  with  connecting  strands 
between.  C\i;oplasmic  streaming,  which  is  conuaonly  active  at 
these  stages,  carries  the  proplastids  about  through  the  cell,  even 
the  largest  ones  being  translocated  in  this  manner. 
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In  scmewbat  older  stages  (figs.  5, 4)  tlie  laigest  bodies  lemain 
statioiiaiy  or  nearly  so,  and  are  not  affected  by  the  cytoplasmic 

streaming.  A  grouping  of  proplastids  of  various  sizes  is  often  seen 
in  certain  parts  of  the  ceU.  This  most  frequently  occurs  in  the 
parietal  portion  of  the  cytoplasm,  whereas  in  certain  other  cells 
there  may  be  a  grouping  of  almost  all  of  the  proplastids  about  the 
nucleiK  'jig.  51).  In  the  present  study  these  and  other  mofle^  of 
grouping  have  not  been  correlated  with  any  other  phenomenon  of 
cell  activity. 

Evidence  for  the  di\i^il>^  of  the  developing  plastids  is  not 
difficiilt  to  obtain  in  the  later  stages  ftior  5).  Cytoplasmic  stream- 
ing is  not  so  active  in  such  cells,  and  the  proplastids  which  have 
reached  a  size  of  2  /bt  or  over  may  frequently  be  seen  in  tiie  process 
of  division. 

A  variation  in  the  size  of  the  proplastids  which  are  present  in 
a  single  cell  is  markedly  diaiacteristic  of  the  tissues  studied.  Li 
such  a  cell  as  that  of  fig.  6  there  is  a  dose  intcrgrading  series,  from 
proplastids  which  are  so  small  as  to  he  barely  visible,  up  to  others 
whkh  have  a  diameter  of  4.5-5  The  hurgest  proplastids  of  this 
cefl  appear  faintfy  green.  Ihe  presence  of  these  transitional  stages 
within  a  single  cdl  iuniishes  convincing  proof  of  the  oifgm  of 
Toplasts  from  bodies  which  at  first  are  scarcely  visible,  and  which 
one  is  led  to  believe  may  even  arise  de  novo  from  the  cytoplasm. 
In  no  case  has  the  presence  of  green  color  been  found  to  be  asso- 
ciated with  the  proplastids  until  th^  have  reached  approximately 
one^ialf  of  the  size  and  shape  of  mature  functional  plastids.  The 
appeannce  of  starch  in  the  developing  pacoplastids,  which  some- 
times occurs,  is  perhaps  associated  in  some  way  with  chknophyll 
formation. 

The  fmal  stages  in  the  maturing  of  chloroplasts  may  be  ob- 
served in  the  cells  ^cnr  the  tip  of  a  seedling  leaf  which  is  about 
to  emerge  from  the  enveloping  sheath  (figs.  7,  8).  Subepidermal 
cells  near  the  apex  contain  a  small  number  of  partially  developed 
plastids  in  which  chlorophyll  is  present,  and  man\  smaller  pro- 
plastids of  varying  size  (fig.  7).  larther  back  from  the  tip  the 
mesophyll  cells  contain  an  increa>ingly  large  number  of  nearly 
mature  plastids,  tiie  nuijority  of  which  are  markedly  green,  and  a 
diminishing  number  of  proplastids  (hg.  8).   Finally,  in  the  cells  of 
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mesophy!!  tissue  of  well  developed  seedling  leaves  which  are  exposed 
to  sunlight  the  enlarpnp  plastids  have  attained  a  diameter  of 
7-8  )u.  In  such  cells  the  plastids  are  closely  packed  in  the  parietal 
layer  of  cytoplasm,  and  are  intensely  ^een  ffig.  9).  In  these  cells, 
in  a^ldition  to  thr  larger  plastids  there  are  i)resent  a  certain  number 
of  smaller  bo(iie>  oi  varying  size  tvluch  cannot  be  distinguished 
from  the  proplastids  found  in  the  earlier  stages.  This  fact  seems 
to  indicate  that  such  structures  represent  p^rli^lly  developed 
plastids  anrl  not  l)t)dies  of  a  separate  categor}-.  as  some  observers 
have  believed.  Thus  not  only  naeristematic  cells,  but  cells  of 
mature  mesophyll  tissue  as  well,  contain  proplastids  in  various 
stages  of  enlargement,  as  well  as  plastids  n^iich  have  attained  the 
maxfamim  sise  and  cobr. 

The  condition  found  in  the  mesophyll  cells  of  the  leaf  tissue  of 
a  mature  plant  is  very  similar  to  that  just  described  for  fully  green 
seedling  leaves.  In  the  former  the  plastids  are  slightly  larger  in  the 
exposed  portion  of  the  leaf  blade,  and  the  number  of  proplastids  is 
somewliat  smaller  than  in  th^  latter.  In  portions  of  mature  leaves, 
however,  which  are  protected  from  sunlight  by  other  enveloping 
leaves  or  leaf  sheaths,  the  development  of  the  proplastids  has  not 
progressed  as  far  as  in  the  exposed  portion  of  the  leaf,  regardless 
of  the  fact  that  the  tissue  in  question  is  structurally  mature. 
Chlorophyll  is  almost  or  entirely  absent  in  such  cells.  In  passing 
outward  toward  the  green  portion  of  the  leaf,  the  proplastids 
become  progTessi\-e!y  larger,  and  there  is  a  relatively  smaller 
number  of  more  minute  primordia.  Chlorophyll  makes  its  appear- 
ance with  the  development  of  the  plastids.  Figs.  42-46  illustrate 
the  transitional  stages  found  in  such  a  leaf,  and  the  amount  of 
shading  used  in  representing  the  proplastids  indicates  the  relative 
intensity  of  green  color  to  he  found  in  these  stages. 

There  appears  to  be  a  close  correlation  between  the  development 
of  pkiitids  and  the  appearance  of  chlorophyll  in  tlie  leaf  tissue  of 
normal  green  plants,  whether  in  seedling  stages  or  in  the  niature 
plant  tissue.  Maturing  plastids  4-5  /i  in  diameter  are  very  faintly 
green,  and  as  they  increase  in  size  the  intensity  of  the  green  cotor 
also  increases,  until  the  plastids  have  attained  their  marimum 
dimensions,  when  they  are  bright  green. 
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Epidesicai.  csix  inclusions.— In  maize  the  epidennai  ceHs 
of  leaves  roxely  contain  plastids;  if  present  at  all  they  are  few  in 
number.  Certain  very  characteristic  structures  aze  presmt,  how- 
ever, which  will  be  discussed  only  briefly,  inasmuch  as  they  seem  to 
have  no  direct  bearing  on  the  problem  of  chlorophyll  development. 

The  epidermal  cells  of  the  meristematic  region  may  be  studied 
without  removing  them  hom  the  remainder  of  the  leaf  tissue. 
Their  walls  are  not  heavily  ciitinized  during  their  earl)-  de^'(•!^pment, 
and  the  cells  beneath  are  sufficiently  transparent  to  permit  a 
careful  examination  of  cytoj)lasmic  structures.  The  cjloplasm 
is  limited  to  the  parietal  region  of  the  cell,  exxept  for  strands  which 
pass  through  the  large  central  vacuole  to  the  region  occupied  by 
the  nucleub.  near  the  inner  wall.  The  c^'toplasm  of  cells  near  the 
tip  of  embr>'oaic  leaves  contain>  minuiL  granules  and  short  rods 
(fig.  47).  These  bodies  are  very  numerous,  and  are  carried  rapidly 
about  by  the  flowing  cytoplasm,  both  rods  and  granules  continually 
dianging  their  positions.  In  older  cells,  that  is,  those  farther 
lemoved  from  llie  tip,  the  rods  axe  longer  and  more  numerous 
(fig.  4B).  In  still  older  cells  many  elongate  filaments  are  to  be 
found,  as  well  as  numerous  granules  and  short  rods  (fig.  49).  Cells 
have  been  observed  in  which  even  the  elongate  filaments  are 
actively  translocated  fay  the  cytoplasm;  a  single  one  may  thus  be 
observed  for  some  time.  This  phmomenon  furnishes  definite  proof 
that  the  filaments  are  structurally  distinct  elements,  and  not  merely 
lines  of  flow,  or  other  artifacts  due  to  fixation.  The  fact  that  the 
filaments  are  longer  and  more  numerous  in  the  older  cells  than  in 
roeiistematic  cells  suggests  that  they  have  resulted  from  an  elonga- 
tion  of  shorter  ones,  and  that  these  in  turn  may  have  originated 
from  the  granular  bodies.  Convincing  proof  of  their  divbion  has 
not  been  obtained.  .\  small  number  of  colorless  bodies  which 
resemble  the  partly  developed  plastids  of  mesoplnll  cells  are  also 
found  in  these  cells,  but  mature  green  plastids  are  rarely  {)resent. 
In  addition  to  these  structures,  oil  globules  are  present  which  may 
be  distinguished  by  their  greater  refringenco  in  living  cells  and  by 
their  characteristic  reaction  to  osmic  acid.  The  relation  of  these 
structures  found  in  ejjidt  rmal  cells  to  the  proplastids  of  mesophyll 
cells  will  be  discussed  later. 
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Mfweuan  white  strain 
In  the  '*Mendelian  white"  strain  studied  there  are  completely 
green  and  completely  white  plants.  Albini  m  is  here  inherited  as 
a  silnple  Mendelian  recessive.  The  ^een  plants  are  entirely  like 
green  plants  of  normal  strain??,  so  far  as  any  visible  structures  are 
concerned.  Mit  roscopic  examination  of  the  cells  reveals  a  series 
ol  stages  in  plastid  development  which  is  indistinguishable  from 
the  series  observed  in  normal  green  plants  alreatl\-  described. 
In  the  wliite  (albino)  seedlings  proplastids  arc  present  in  the  early 
embryonic  stages  just  as  in  the  green  plants  (iigs.  10-12).  In 
older  tissues  (hgs.  13-16),  however,  cone^Kuicliiig  to  similBr  regions 
m  a  green  plant  (hgs.  7-9),  there  is  a  stiikmg  difference  in  the 
behavior  of  the  proplastids.  They  increase  in  size  very  sloirly  and 
irregularly,  and  although  the  leaf  tissue  itself  continues  to  grow 
and  differentiate,  doubtless  at  the  eqsense  of  reserve  food  stored 
in  the  seed,  the  proplastids  do  not  develop  as  rapidly,  or  in  as 
large  numbers,  as  in  the  tissues  in  the  same  stages  of  differentiation 
in  a  green  pbuxt  Granules  measuring  0.8-1.3  m  in  diameter  are 
found  just  as  In  normal  green  tissue,  but  development  beyond  this 
stage  occurs  only  in  a  few  scattered  instances.  The  few  proplastids 
which  do  become  larger  frequently  present  an  abnormal  appearance 
14-16).  In  the  living  cells  they  are  colorless  or  nearly  so, 
and  may  sometimes  have  a  darker  irregular  mass  near  the  periphery 
(fig.  15I.  WTicn  fixed  according  to  Renda's  method  and  stained 
with  haematoxylin.  they  bear  a  striking  resemblance  to  small 
nuclei,  and  the  irregular  mass  within  these  bodies  bears  a  striking 
resemblance  to  densely  staining  nucleoli.  \\T\en  the  tissues  have 
reached  a  stage  comparable  with  that  at  which  chloroi^h^  ll  appears 
in  a  normal  green  plant,  there  are  very  few  plastids  as  large  as  those 
in  which  clilorophyll  first  develops  in  the  green  plant,  the  cell 
being  characterized  rather  by  a  large  auml)er  of  proplastids,  a 
condition  suggesting  retarded  development  (hg.  16).  There  also 
occur  irregularly  shaped  masses,  giving  the  appearance  of  degenerat- 
ing pbutids  which  had  become  partly  mature.  Figs.  14  and  15 
represent  the  ai^)earance  of  the  cytoplasmic  bodies  in  mesophyll 
cells  occurring  between  the  vascular  bundles  of  the  leaf.  Fig.  z6 
shows  the  condition  which  is  found  in  a  ceU  nearer  the  bundle. 
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Hoe  the  proplastids  in  genenl  an  larger  and  more  numerous,  and 
often  family  yeUowish  green.  This  appears  to  indicate  that  the 
first  steps  of  dilorophyll  elaboration  are  initiated  in  these  cells. 

Although  not  any  of  the  plastids  ai«  nofmaD^  green  in  most  of 
the  tissue  of  the  leaf  blade,  there  has  been  found  at  the  extreme 
tip  of  the  albino  seedling  leaf  a  limited  region  in  whldi  the  cells 
contain  green  chloroplasts  (figs.  17-19).  In  such  a  region,  even 
within  a  single  cell,  are  found  transitional  stages  between  colorless 
partiall}-  mature  plastids  and  those  which  are  fully  green  (fig.  18). 
Chlorofphyll,  therefore,  is  not  entirely  absent  from  the  albino 
seedlings  of  the  "Mendetian  white"  strain.  In  these  albino 
seedlings,  however,  there  is  never  de\eloped  a  sufficient  amount 
of  chlorophyll  to  enable  the  plant  to  Uve  beyond  the  seedling  stage. 
Microscopic  examination  shows  clearly  that  the  initial  structural 
basis  lor  plastid  development  present,  chloroplasts  which  are 
normal  in  appearance  being  actually  found  in  some  cases.  This 
latter  condition  never  becomes  general  throughout  the  plant. 
It  therefore  seems  clear  that  in  this  case  failure  of  the  plant  to 
!)ecome  green  is  not  to  be  explained  as  the  result  of  an  absence  of 
plastids  or  plastid  primordia. 

MENDKLXAN  vntESCBNT 

A  third  category  is  "Mcndeliiin  virescent."  In  this  strain 
the  affected  plants  in  the  young  seedling  stage  resemble  those  of 
the  "Mendelian  white"  strain.  The  seedling  leaf  is  at  first  white, 
but  later  nearly  the  entire  leaf  becomes  green,  lSb»  cdor  deqtening 
rapidly.  Later  formed  seedling  leaves  are  somewhat  greener  in 
the  early  stages,  while  leaves  fonned  toward  maturity  are  entirely 
green  from  the  start. 

In  the  virescent  phmts  the  early  stages  in  the  development  of 
the  plastids  are  similar  iii  all  respects  to  the  ooneaponding  stages 
in  a  nonnal  green  plant.  So  far  as  it  is  possible  to  teU,  the  number, 
size,  and  development  of  the  proplastids  is  identical  in  the  two  cases 
(figs.  '30-33).   Ii^  ^      young  leaves,  as  they  increase  in 

size  and  become  aq)osed  to  sunlight,  the  growth  of  the  proplastids 
and  the  development  of  chlorophyll  proceed  as  in  green  plants 
(figs*  24-36,  32).  In  the  main  portion  of  the  leaf  blade,  on  the 
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Other  band,  the  mesopbyll  tissue  £aik  to  become  green  as  n^idly 
as  the  tissue  near  the  tip,  and  the  cells  between  the  bundles  axe 
found  to  contain  only  partly  developed  prophstids  (fig.  27).  Cells 
nearer  the  vascular  bundles  contain  larger  plastids  with  more 
chknophyH  (fig.  28),  while  in  ceOs  adjoining  the  bundles  the  plastids 
have  reached  nearly  the  maximum  siae  and  cobr  (fig.  39).  In 
somewhat  older  leaf  tissue  which  is  gradually  becoming  green  there 
b  a  corresponding  increase  In  the  size  of  the  proplastids  (figs.  30-53), 
and  the  resulting  plastids  eventually  become  fully  green  (fig.  32). 
Here,  then,  is  a  case  in  which  the  usiial  formation  of  chloroplasts 
with  their  pigment  seems  to  be  merely  delayed,  but,  unlike  the 
"Mendelian  white"  seedlings,  deveiopment  continues  until  the  > 
whole  plant  becomes  fully  green. 

Maternal  inheritance  strain 

In  this  strain  there  are  plants  of  three  kinds.  Some  i\rv  entirely 
green  and  olliers  are  uniformly  yi  llowish  green;  a  third  class  is  made 
up  of  plants  which  show  longitudinal  stripes  of  the  two  colors. 
Tlie  number  and  character  oi  such  stripes  arc  extremely  Naridble. 
Some  plants  are  (listingin<4hable  from  normal  green  plants  only 
by  the  presence  of  one  or  two  stripes,  which  may  be  of  any  width, 
and  which  may  be  of  a  color  only  slightly  lifter  than  nonnal 
green.  On  the  other  hand,  the  appearance  of  some  plants  Is 
rendered  most  striking  by  a  large  number  of  stripes,  which,  although 
their  yellowish  green  cobr  varies  in  depth  to  a  certain  degree,  are 
never  white.  Frequently  a  plant  may  be  divided  sfaaiply  and 
ahnost  equally  throughout  its  entire  length  Into  green  and  yellowish 
green  halves.  Agahi,  pbnts  are  observed  which  are  complete^ 
yellowish  green,  except  for  one  or  two  fully  green  stripes.  The 
light  stripes,  whatever  the  intensity  of  their  color,  are  not  always 
continuous  from  the  base  to  the  tip  of  the  leaf.  In  such  cases 
they  may  end  more  or  less  abruptly  at  any  point  in  the  leaf,  or  may 
begin  at  any  point  above  the  base  and  terminate  anywhere  between 
this  point  and  the  tip. 

Cytological  features. — With  regard  to  the  green  plants, 
careful  cytological  examination  has  failed  to  reveal  any  difTcrcnces 
between  their  cells  and  those  of  green  plants  of  unaffected  strains. 
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The  oeBs  of  the  yellowish  green  plants  show  a  series  of  stages  in 
the  devdopment  of  chloroplasts  from  minute  prophsticls  which  are 
similar  in  all  respects  to  the  stages  in  the  green  plants,  wHh  the 
exception  of  the  maxirrmm  sise  and  depth  of  color  attained.  The 

proplastids  increase  in  size  until  many  of  them  have  become  well 
differentiated  plastids  with  a  diameter  of  4.0-5.5  n  (fyfi.  33''4r)» 
whereas  the  plastids  in  normal  green  plants  have  a  diameter  of 
7-8  m;  very  exceptionally  the  latter  size  may  be  attained  (fig.  41). 
The  plastids  in  the  pale  areas  of  the  seedling  leaves  are  fewer  in 
number,  and  the  proplastids  arc  more  numerous  than  in  the 
corresponding  cells  of  a  green  plant  dig.  39).  A  study  of  the  living 
celb  shows  a  variable  behavior  as  regards  the  elaboration  of 
chlorophyll  in  the  young  seedling  leaves.  In  the  mesophyll  cells 
most  of  the  plastids  become  faintly  green  as  soon  as  they  become 
partially  mature  (fig.  ^9)*  while  in  cells  near  the  vascular  bundles 
pla.stids  are  often  observed  in  which  the  color  has  become  nearly 
as  deep  as  in  a  normal  mature  chloroplast  (fig.  41).  In  cells 
somewhat  removed  from  the  bundles  all  gradations  between  the 
lighter  and  daricer  shades  are  seen  40).  In  addition  to  the 
unifonnly  colored  plastids,  there  are  others  which  show  an  uneven 
outline  and  an  irregular  distribution  of  the  pigment  within  them. 
For  example,  the  color  is  oftm  confined  to  one  or  two  regions 
within  the  plastid,  the  Umits  of  these  regions  in  some  cases  being 
dearly  mailced  and  in  others  very  vague  (fig.  39).  Such  appeal- 
voces  strongly  suggest  degeneration  or  other  disturbances  of  a 
serious  nature.  Kot  only  young  cells,  but  cells  which  are  com* 
pletefy  matured,  contain  proplastids  in  various  stages  of  enlarge* 
meut. 

The  plastids  are  much  more  fully  developed  in  the  yellowish  • 
green  plants  than  in  the  albino  seedlings  of  the  "Mendelian  white" 
strain,  but  a  sufficient  amount  of  chlorophyll  for  continued  growth 
fails  to  be  developed,  and  the  plants  die  in  the  seedling  stage. 

They  may  become  slightly  larger,  however,  than  the  white  seedlings 
of  the  Mcnflelian  strain.  In  the  yellowish  green  plants  there  is 
little  correlation  between  the  degree  of  development  reachetl  by 
the  plastids  and  the  amount  of  chlorophyll  elaborated.  There 
are  abundant  well  differentiated  plastids  present  but  only  a  lela- 
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tively  smaU  amount  of  cfalorophylL  Hie  itSQm  of  the  pkats  to 
beoome  green  cannot  be  ascribed  to  a  iaitiire  of  the  plastids  to 
develop,  but  lather  to  an  absence  of  a  sufficient  amount  of 

dilorophyll. 

The  stri]X'(i  plants  <rf  this  stiain  possess  varying  amounts  of 
green  and  yellowish  grccn  tissue,  as  alicady  pointed  out.  To  the 
naked  eye  the  boundaiy  between  the  green  and  yellowish  green 
areas  appears  to  be  very  sharp,  but  when  viewed  with  the  microscope 
there  is  seen  a  region  of  transition  one  to  several  cells  in  width,  in 
which  are  found  pla^tfH^  showing  man}'  intermediate  ^izes  and 
depths  of  color,  e\'en  within  a  single  cell.  Although  the  transition 
regions  may  var}-  in  width,  careful  search  has  so  far  never  failed 
to  reveal  cells  which  are  in  some  degree  intermediate  in  ciuiracter. 
In  some  cases  there  is  a  single  transitiomil  cell  which  may  contain 
plastids  of  niany  shades  of  green,  whereas  in  other  cases  there  may 
he  a  series  of  several  transitional  cells  in  each  of  which  all  or  nearly  all 
of  the  plastids  are  of  one  intermediate  shade.  Fig.  50  illustrates  the 
condition  which  is  most  frequently  found  to  occur  in  transitional 
regions.  The  cells  on  the  left  are  chaiacteiistic  of  yellowish  green 
tissue,  those  on  the  right  are  typical  of  green  tissue,  the  ones 
between  contain  plastids  which  vaiy  greatly,  both  in  siae  and  in 
intensity  of  green  pigment.  In  the  Ught  of  such  fiscts  the  inappli* 
cability  of  hypotheses  involving  a  simple  sorting  out  of  plastids  of 
two  completely  distinct  types  by  successive  ceil  divisions  is  deariy 
evident,  so  ftur  as  the  color  types  m  the  strain  of  maiae  under 
consideration  are  concerned.  To  this  point  we  shall  return. 

Intn-vitam  stains  and  the  nse  of  fixing  and  staining  reactions 
commonly  employed  have  as  yet  given  no  evidence  that  the  class 
of  cell  elements  described  comprise  bodies  of  more  than  one  kind. 
It  is  hoped  that  further  studies  may  contribute  something  to  this 
phase  of  the  problem. 

Summarizing,  all  of  the  plant  types  examined  have  been  found 
to  be  the  same  as  regards  the  cytoplasmic  inclusions  of  their 
meristcniatic  cells.  Minute  pro|)lastids  of  the  same  size,  shape, 
and  general  appearance  ha\e  been  ohser\'efl  iti  the  living  cells  of 
all  the  chlorophyll  t\'pes  of  maize  studied.  Intra-vitam  stains 
and  the  £xing  and  staining  reactions  which  liave  been  used  by  other 
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iroikefs  for  the  study  of  cytoplasmic  structures  have  given  no 
evidence  for  the  assumption  that  the  group  of  cell  elemeiits  under 
investigation  consists  of  bodies  belonging  to  more  than  one  class. 

The  obsewed  differences  between  the  various  types,  of  plants  lie 
in  the  subsequent  bpha\'ior  of  the  y^roplastids  with  reference  to  the 
development  of  chloroplasts.  I  roin  a  structural  standpoint  the 
ceils  of  all  the  plant  types  appear  to  be  initially  alike.  The  differ- 
ences which  later  appear  seem  rather  to  be  dependent  upon  the 
relative  amount  of  chlorophyll  de\'eloped  in  organs,  tlie  primordia 
of  whi(  li  are  present  in  all  cells.  It  is  probable,  therefore,  that 
the  ultimate  cxplaualiuii  ul  unusual  types  of  behavior  may  involve 
functional  rather  than  structural  differences. 

IHicmstott 

Bbaxino  op  results  on  PLAsno  iMHERitANCE.— The  hypoth- 
eses which  have  been  advanced  to  eiphdn  plastkl  inheritance 
have  been  baaed  chiefly  on  the  breeding  behavior  of  the  pknts. 
The  question  remains  as  to  how  far  these  hypotheses  will  be 
substantiated  by  cytological  observations.  For  the  most  part 
such  hypotheses  involve  the  assumption  that  phstids  are  pennanent 
cell  organsi  arising  only  by  a  division  of  otliocs  ol  their  kind,  either 
iriiile  they  are  in  the  fonn  of  minute  primordia  or  after  they  have 
leachcd  the  mature  stage.  The  fact  that  proplastid-like  bodies 
are  present  in  theearb^  embryonic  stages,  and  the  well  substantiated 
evidence  that  matTire  plastids  arise  from  bodies  which  cannot  be 
distinguished  from  these  elements,  however,  do  not  seem  to  consti- 
tute sufficient  proof  of  the  theorv  th:\t  ]ilastids  are  cell  organs 
having  an  unbroken  continuity  through  all  stages  of  the  life  cycle. 
Observations  suf!Cgest  that  plastids  may  also  dilTerentiato  anew  at 
certain  times  in  the  life  of  the  cell,  which  is  obviously  ot  tlic  liighest 
importance  in  connection  with  the  problem  in  hand,  and  will  be 
fully  discussed  later. 

The  frequent  occurrence  of  chl(>;i>ph)  11  abnormalities  has 
furnished  abundant  material  for  a  study  of  pb>.ti(l  inheritance. 
Many  ax^cs  have  been  rep>orted,  and  the  breeding  behavior  carefully 
studied.  The  inheritance  of  some  of  the  known  cases  is  clearly 
Mendelian,  bnt  other  types  are  clearly  nori-Mendelian.  Thus  the 
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known  cases  of  plastid  inheritance  do  not  appear  to  be  in  the  same 
category,  and  as  >  et  have  not  been  CTpiained  by  a  common  well 

substantiated  hypothesis. 

Examples  of  chlorophyll  characters  which  are  inherited  as 
MendeUan  recessives  have  been  described  by  numerous  workers. 
Among  the  researches  dealing  with  such  characters  may  be  men- 
tioned those  of  Emersox  and  Lindstrom  in  maize,  and  those  of 
Baur,  Kle.sslin'c,  Tjebbks  and  kc>uiM.\x,  Miyazawa,  Correns, 
and  Allard  on  a  number  of  other  plants.  The  lu  jx)thesis  held  to 
account  for  the  transmission  of  these  characters  is  the  same  as  that 
upon  which  the  behavior  of  other  Mcndelian  characters  has  been 
explained.  Altliough  the  character  in  question  is  ej^ressed  in  the 
plastids,  the  cell  activities  which  result  in  the  appeanmoe  of  the 
chaiBcter  seem  to  be  under  the  control  of  nudear  factora.  H  tlie 
chaiBcter  is  thus  undor  the  control  of  a  nuclear  factor,  it  is  neverthe- 
less of  importance  to  detennine  whether  plastids  are  present  in  col- 
orless cells  as  well  as  in  nonnal  ones;  andalaotodetenninetowhat 
extent  the  plastid  is  a  pemianent  cell  organ  multiplying  by  division, 
e^iedally  if  it  is  desired  to  gain  insight  into  the  process  thzough 
which  the  character  is  brought  to  ezpresaaon. 

Miles  (47),  in  a  cytological  investigation  of  albino  seedlings 
in  maize,  reported  that  in  the  pure  white  plants  no  plastids  coxild 
be  difTerentiated.  This  does  not  at  all  correspond  with  the  findings 
of  the  writer.  Partially  matured  plastids  are  pies^t  in  all  of  the 
mesophyll  tissue  of  the  plant,  and  in  certain  regions  a  limited 
number  of  mature  functional  plastids  are  present  in  some  cells. 
Plastids,  therefore,  are  not  entirely  absent,  but  their  development 
is  permanently  retarded  in  the  white  seedlings.  In  the  viresccnt 
plants  the  normal  de\  elo])ment  of  the  plastids  is  interfered  with 
only  in  the  seedling  stage. 

Other  chloroph>  II  types  in  maize  which  are  MendeUan  appear 
to  be  normal  in  the  seedling  stage,  but  the  character  appears  in 
the  plant  as  it  approaches  maturity.  In  fact  there  are  known  in 
mabe  markedly  different  chlorophyll  types,  and  it  seems  certain 
that  additional  ones  will  be  described.  These  cases  are  of  interest 
cytologically  in  that  apparently  there  is  a  wide  variation  in  the 
condition  of  the  plastids  in  the  affected  plants. 
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The  cases  ia  which  the  inheritance  of  plastid  characters  is  non- 
Mendelian  present  a  very  complex  problem.  Added  sigoificance  is 
here  attached  to  the  plastids,  and  workers  are  led  to  assume  that 

the  plastids  themselves  in  the  main  arc  responsible  for  the  inherit- 
ance of  the  characters  which  are  manifested  in  them.  As  in  the 
case  of  the  Mendelian  plastid  characters,  this  assumption  involves 
the  question  of  the  origin  and  permanence  of  the  plastids,  to  be 
discussed  later.  The  cases  of  non-Mend elian  inheritance  oi 
cbloroph^'U  variation  have  been  classified  as  (i)  maternal  and  (a) 
biparenlal. 

Attention  has  already  been  called  in  the  introduction  to  the 
well  known  cases  of  jiuacnuil  iahcriuince  reported  by  B.VUR, 
CoRRENS,  and  Gregory,  as  well  as  to  that  found  in  maize  by 
A]a>£RSON,  whose  results  have  not  yet  been  published.  Cokbens 
assumes  that  in  MsrabSis  the  absence  of  chlorophyll  is  due  to  a 
cytoplasmic  disease  which-  in  some  way  affects  the  plastids.  Two 
lunds  of  pbstids  m  said  to  be  present,  green  and  colorless  ones, 
whose  segregation  during  the  divisions  of  the  somatic  cells  is 
assumed  to  eq>]ain  the  presence  of  "checkered"  leaves,  as  well  as 
the  complete  absence  of  color  in  entire  leaves  and  brandies.  Baux 
offeis  a  somewhat  different  eiplanation  for  sunilar  cases.  He 
believes  that  there  are  two  kinds  of  plastids,  diseased  and  noimal 
ones,  present  in  the  mature  leaf  tissue,  both  being  permanent  odl 
organs  with  a  definite  individuality.  The  primordia  of  the  two 
kinds  of  plastids  are  supposed  to  be  transmitted  from  one  generation 
to  the  next  through  the  c\loplasm  of  the  egg.  A  somatic  segrega- 
tion of  these  primordia  to  dilTerent  cells  during  the  growth  of  the 
plant  accounts  for  the  green  and  white  areas  of  the  mature  plant. 
Thr  hypothetical  nature  of  this  explanation  is  to  be  admitted, 
inasmuch  as  different  kinds  of  primordia  have  not  been  demon- 
strated in  these  plants,  from  which  it  follows  that  the  postulatrd 
segregation  has  not  been  observed.  An  examination  of  the  meso- 
ph\  ll  cells  of  plants  i)roduced  by  the  maternal  inheritance  strain 
in  niuue  I  ails  to  lend  support  to  either  of  these  theories.  The 
development  of  the  plastids  from  granular  proplaslids  has  been 
traced  carefully  in  the  Uving  celb,  and  the  condition  of  the  plastids 
in  the  leaf  tissue  of  the  seedlings  and  mature  plants  has  been 
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studied  thoroughly.  A  variation,  not  only  in  the  size  of  the 
plastids,  but  in  the  amount  of  color  pigment  as  well,  is  chaiacteiistic 

of  all  the  plant  U'pcs. 

Two  distinct  kinds  of  plastids,  normal  (green)  nnd  chlorophyll- 
less  ones  do  not  occur  in  the  strains  of  maize  studied;  the  green 
and  colorless  plastids  observed  in  these  strains  do  not  represent 
distinct  categories  at  all.  The  yellowish  green  i  ^lauLs  of  the  maternal 
inheritance  strain  produce  some  plastids  which  have  a  diameter 
equal  to  that  of  the  plastids  present  in  normal  green  plants,  and 
tlic  intensity  of  the  green  color  ma}-  e(|ual  that  of  green  plants. 
In  general,  however,  the  plastids  are  slightly  smaller  and  paler  in 
ookn*.  The  striped  yeUowish  green  and  green  plants  show  no 
shaip  segregation  of  two  distfoct  kinds  of  plastids.  Cells  on  the 
bolder  fine  between  the  two  regions  contain  plastids  of  varying 
sizes  and  Intensities  of  color.  A  da|^  cell  in  such  a  region  often 
contains  plastids  showing  all  degrees  of  variation  found  in  either 
yellowish  green  or  green  areas.  Sudi  intennediate  conditions  are 
prevalent  in  the  transition  region  between  the  two  hinds  of  ttssue» 
and  at  no  time  can  there  be  found  two  distinct  kinds  of  plastids^ 
either  in  different  cells  or  in  tlie  same  cell  Gkegoky  made  a  study 
of  the  breeding  behavior  of  a  strain  of  Primula  sinensis  which 
produced  chlorotic  plants.  The  experimental  results  showed  the 
character  to  be  maternal  in  its  inheritance.  In  chlorotic  cells  the 
plastids  were  shown  to  be  pale  yellow  and  smaller  than  in  cells  of 
the  green  tissue,  but  in  any  individual  cell  of  mature  tissue  the 
plastids  were  found  to  be  all  alike.  In  }oung  actively  growing 
cells,  howe\  er,  diiYerent  kinds  of  plastids  occur  in  the  same  cell, 
which  are  similar  to  the  two  kinds  foimd  in  the  green  and  chlorotic 
cells  of  the  n\ature  leaf.  Gregory  uses  this  as  evidence  that 
both  kinds  occur  together  in  embryonic  tissue,  and  later  become 
segregated  to  ditlerent  regions  of  the  plant,  and  concludes  that 
the  abnormality  L»  localized  in  the  j)lastids.  There  is,  however, 
another  interpretation  to  be  placed  on  the  variation  in  the  sb-e 
and  color  of  the  plastids  present  in  the  growing  cells  of  the  leaf. 
In  maize  there  can  be  no  doubt  that  this  condition  is  due  to  the 
presence  of  different  stages  in  the  development  of  plastids  of  one 
kind.  The  assodatton  of  plastids  showing  a  great  variation  in 
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aise  and  color  in  the  game  cdl  »  chaiactenstic  of  enrixtyODic  celb 
in  nonnal  green  pUmts.  Since  it  ms  in  such  cells  that  Gsegoky 
reported  the  presence  of  the  two  siqiposedly  different  kinds  of 

plastids,  this  interpretation  seems  to  be  a  more  plausible  <nie  for 
his  observations.  Convincing  cytological  evidence  of  the  occur- 
fence  of  two  distinct  kinds  of  plastids  and  their  segrega^n  to 
different  regions  of  the  plant  is  at  present  lacking.    In  view  of  the 

condition  observed  in  mnize.  it  is  clearly  evident  that  visible  struc- 
tural diffprences  in  meristcmatic  cells  cannot  be  held  to  account 
for  the  inh<  ritance  and  development  of  chlorophyll  patterns. 

All  ol  the  plant  tv-pes,  both  the  Mendelian  and  maternal,  have 
the  same  initial  rell  structure,  so  far  as  observations  have  gone. 
It  has  not  been  possible  to  distinguish  different  icinds  of  proplastids 
in  the  youngest  cells  examii^c d,  that  is,  those  of  the  promeristematic 
tissue  of  ver\'  young  stems  ixiid  the  meristematic  regions  of  embry- 
onic leaves.  The  actually  observed  differences  lie  in  the  subsequent 
behavior  of  the  proplastids  with  reference  to  the  evolution  of 
plastids. 

Whether  the  proplastids  arise  by  division  or  de  tuna,  they  are 
found  to  be  present  in  the  meristems  of  all  of  the  diloiophyll  types. 
The  fertiliaed  eggs  of  the  different  strains  have  not  been  mrnincd, 
but  if  they  differ  as  regards  their  visible  cytoplasmic  inclusions, 
corresponding  differences  would  certainly  be  expected  in  the 
undifferentiated  embryonic  tissues  of  time  strains;  but  careful 
esamination  of  such  tissues  has  failed  to  reveal  any  differences. 
As  already  stated,  therefore,  the  differences  in  such  types  seem  to 
be  due  to  different  modes  of  subsequent  behavior  on  the  part  of 
prc^lastids  in  different  plants  and  in  different  regions  of  the  same 
plant,  rather  than  to  initial  proplastkl  differences  in  the  fortiUzed 
^gs  of  the  different  types.  This  view  is  supported  by  the  occur- 
rence of  striped  plants  in  the  maternal  inheritance  strain,  and  also 
in  the  Mendelian  strains  which  arc  not  here  reported. 

It  is  necessary  to  account  for  different  kinds  of  behavior  on  the 
part  of  proplastids  which  arc,  so  far  as  microscopic  examination 
shows,  initially  alike.  Since  visible  bodies  of  more  than  one  kind 
cannot  be  seen  segregating,  it  might  be  suggested  that  there  is  an 
invisible  structural  difference  in  the  cytoplasm  of  the  different 


Digitized  by  GoQgle 


$6o  BOTANICAL  GAZETTE  {may 

plant  t\  pes.  or  even  in  different  parts  of  the  same  plant  (striped). 
Thus  the  diiTerence  between  the  green  and  white  plants  is  both  the 
maternal  and  Mendelian  categories  depends  upon  an  invisible 
differentiation  process  in  the  cytoplasm  of  the  different  cells,  which 
influences  the  course  which  the  proplastids  take  in  their  develop- 
ment, and  the  degree  of  development  reached.  One  is  then  led  to 
inquire  at  what  stage  in  the  life  cycle  this  dillerentiation.  which 
may  be  regarded  as  a  physiolo<:ical  process,  occurs.  In  the  case 
of  the  maternal  t^Ties,  the  irrt  Liilar  distribution  of  the  green  and 
white  plant-producing  seeds  on  the  ear  suggests  that  it  may  occur 
in  the  formation  of  the  egg,  or  even  earlier  in  the  development  of 
the  ear.  because  of  the  frequent  presence  of  irregular  patches  of 
allectcd  seeds.  The  occurrence  of  tlic  dillerentiation  at  some  stage 
in  embryogeny  would  account  for  the  striped  plants,  in  early  divi- 
sion stages  for  the  plants  irith  lai^  areas  of  the  pale  green  tissue, 
and  in  the  later  stages  for  the  plants  having  smaller  amoimts  of 
such  tissue.  In  the  Mendelian  types  differentiation  which  is 
probably  of  a  different  kind  must  occur  at  sporogenesis,  like  any 
other  MendeKan  character.  The  two  types  of  bduivior,  the 
Mendelian  and  maternal,  are  not  in  the  same  category,  and  as  yet 
cannot  be  eiplained  by  a  common  well  substantiated  hypothmis. 
It  is  hoped  that  further  studies  of  cytophismic  structure  1^  funiish 
evidence  of  vahie  in  the  solution  of  the  problem,  and  show  more 
clearly  what  phases  of  the  problem  are  to  be  definitdy  amignftrl  to 
the  physiologist. 

RSLATIOX  OF  PROPLASIID  TO  CHONDSIOfiOKES. — One  of  the 

most  outstanding  questions  arising  from  the  pr^nt  study  is  that 
regarding  the  relation  which  may  exist  between  the  proplastid 

of  the  foregoing  description  and  the  minute  cell  elements  which 
other  investigators  have  described  under  the  name  of  chondrio- 
somes,  mitochondria,  etc.  There  is  great  confusion  at  the  present 
time  concerning  the  nature  and  signiticance  of  these  elements. 
It  is  plain  from  a  sun  ey  of  the  very  extensive  Uterature  dealing 
with  the  cell  elements  of  this  general  class  that  the  opinions  of  the 
most  competent  obser\  ers  are  in  conflict  on  many  important 
points.  It  is  probabk  Vi.at  cell  inclusions  of  many  different  kinds 
may  liave  been  designated  by  the  term  chondriosomes,  and  whether 
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any  particular  body  iaUs  tinder  this  doss  depends  upon  the  defini- 
tion  employed. 

The  present  ^tudv  has  shown  beyond  a  doubt  that  plastids 
develop  from  minute  primordia  in  the  different  t\pes  of  maize 
under  consideration.  What  has  so  far  been  ( i •  t  rmined  regarding 
the  nature  of  these  primordia  and  the  relation  which  they  may 
bear  to  chondriosomes  must  he  regarded  as  insuflicient  to  warrant 
an  extended  critical  re\  icw  of  this  question.  It  is  planned  to 
continue  the  investigation  of  this  point.  Nevertheless  a  l^rief 
comparison  with  the  observations  of  other  investigators  who  have 
devoted  special  attention  to  the  chondriosomes  may  contribute 
something  toward  a  solution  of  this  puzzling  problem. 

The  development  o!  plastids  from  grumlar  primotdia  has  been 
observed  by  many  woxkexs,  but  there  is  a  wide  diversity  of  opinion 
as  to  the  relation  of  the  primonlia  to  other  cytoplasmic  inchisiona.. 
One  gioap  of  workers  maintains  that  plastids  arise  from  chondri- 
osomes  (mitochondria)  which  are  permanent  cell  organs,  and  which 
coirespond  to  similar  bodies  described  in  animal  cdls  (Maxdiow, 
Fensa^  Lewttski  (4x)»  Gitillxebmqnd,  Embergbe).  GnnxiER- 
MOND  (24-34),  as  a  result  of  many  researches  on  plant  cells,  believes 
that  plastids  arise  from  rodlike  mitochondria  (chondriokonts)  and 
differ  from  the  latter  only  in  size  and  to  a  certain  extent  in  chemical 
constitution.  Twiss  (56)  reports  that  in  fixed  and  stained  root 
tip  cells  of  Zea  Mays  an  unbroken  series  from  globular,  ellii:)soid, 
or  short  rod-shaped  mitochondria  to  mature  plastids  can  be  traced 
from  the  embr\-onic  region  backward,  and  concludes  that  mito- 
chondria are  normal  constituents  of  the  c>•topkl^m.  lie  believes, 
however,  that  the  e\  idence  for  the  division  of  the  mitochondria, 
as  well  as  that  for  their  function  in  heredity,  is  inadequate. 
Embergek  ( 18)  re|)orted  that  there  are  two  kinds  of  bodies  (  young 
plastids  and  miiu*. liundria)  present  in  the  cells  of  certain  plants, 
which  differ  slightly  in  size  and  staining  intensil\  -,  both  are  to  be 
classed  under  the  general  term  mitochondria.  Other  workers 
hold  that  the  plastid:>  do  not  come  from  chondriosomes,  but  from 
bodies  distinct  from  them  (48,  50,  52,  53,  54).  A  third  group  of 
workers  (Tiscki.sk,  von  Derschau,  etc.)  contend  that  the  plastids 
are  ultimately  of  nuclear  origin,  since  they  arise  from  dbxomAtxc 
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bodies  extruded  from  the  nucleus.  Still  others  question  the 
relationship  between  plastkls  and  dumdiiosomes.  Haupsr  (35) 
states  as  follows: 

None  ot  the  evidence  so  far  adduceU  as  to  the  sptciiic  genetic  relationship 
between  chondrioaomes  and  plant  plastids  is  in  any  way  adequate  ....  that 
in  certain  cells  the  piMtkto  can  be  itecognized  as  very  ■nail  cytofdasmic  bodies 
with  no  starch  in  them  waa  aifequatdy  eatablished  by  SaimPER,  but  that 
the  plastid  bodies  necessarily  and  regularly  arise  from  ihv  chondriosomes  it 
sevms  to  mr  h  by  no  means  proved  by  such  crude  and  diagrammatic  fij^ires  and 
serial  ions  as  those  so  far  presented. 

Views  similar  to  this  ha\e  been  held  by  many  other  workers 

(LUNDF.GARDii  46,  l.(3\VS(  H  1 V  44,  45,  etc). 

From  this  brief  re\  iew  it  is  evident  that  there  are,  at  present, 
many  conflicting  views  in  regard  to  the  class  of  cell  inclusions 
known  as  chondriosomes,  and  the  relationship  which  exists  between 
plastids  in  their  initial  stages  and  these  bodies.  It  is  furthermore 
apparent  that  this  divenity  of  ofanioii  is  in  some  measuie  a  conse- 
quence of  the  lack  of  agreement  as  to  what  oonstttates  permanent 
cytoplasmic  oigans,  and  as  to  what  bodies  shouM  be  induded  In 
the  chiss  "chondriosomes.*'  The  problem  has  been  complicated 
further  by  the  fact  that  certain  observers  iiave  used  a  great  variety 
of  fixatives,  which  in  some  cases  appear  to  have  preserved  the 
bodies  in  question  with  rektively  Httle  aheration,  while  in  other 
cases  artifacts  have  been  produced  which  have  led  to  various 
misconceptions. 

No  reader  of  chondriosome  literature  can  fafl  to  recognize  the 
fact  that  much  of  the  obscurity  which  surrounds  the  subject  is 
due  to  the  lack  of  uniformity  in  the  application  by  various  workers 
of  the  term  chondriosome.  By  some  the  term  has  been  applied 
very  widely  to  a  considerable  variety  of  minute  cell  inclusions, 
some  of  which  are  seen  to  develop  into  plastids.  Others  are 
inclined  to  make  a  distinction  between  chondriosomes  on  the  one 
hand  and  the  primordia  of  plastids  on  the  other.  Still  others 
further  restrict  the  apj)lication  of  the  term  chondriosome,  using 
it  only  with  reference  to  a  concrete  class  of  cell  inclusions  which 
can  be  shown  to  have  a  particular  histochemical  constitution. 
Thus  CowDkv  (10)  defines  chondriosomes  primarily  as  "substances 
which  occur  in  the  form  of  granules,  rods,  or  filaments  in  almost  all 
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living  cells,  which  Tcact  poaitivefy  to  Janus  green,  and  which,  by 
their  solubilities  and  stainuig  leactions,  resemble  phosphol^pliis 
and,  to  a  lesser  extent,  albumins/' 

Noteworthy  in  this  connection  are  the  statements  made  by 
MoTTiER  (so)  as  a  result  of  his  studies  on  the  origin  of  plastids. 
In  his  first  contribution  on  this  sttbjert  leucoplasts  and  chloroplasts 
were  shown  to  be  derived  from  minute  "plastid  primordia." 
Other  minute  bodies  present  in  all  cells  but  not  developing  into 
plastids  were  referred  to  as  chondriosomes.  In  a  more  recent 
paper  (51),  in  which  the  development  of  protein  bodies  (aleurone 
grains)  from  minute  primordia  is  report etl  iu  the  endosperm  cells 
of  Zea  Mays  and  other  plants,  emjiliasis  is  no  longer  placed  upon 
this  distinction  between  primordia  and  chondriosomes.  It  is  stated 
that  the  latter,  because  of  their  obscure  role,  were  previously 
called  chondriosomes  mainly  for  convenience.  In  view  of  the 
fact  that  the  tenns  mitochondiu  and  diondrioBome  have  been  so 
loosely  applied  to  plastid  primordia  and  many  other  cytoplasmic 
iodusioDS  as  well,  Mottiek  does  not  use  these  terms  in  his  most 
recent  description,  and  even  suggests  that  nmch  ambigmty  might 
be  avoided  by  dropping  the  terms  entirely. 

The  present  writer  has  also  felt  that  much  confusion  might 
result  from  the  use  of  the  term  chondriosome  in  his  description. 
In  the  material  studied  there  appears  to  be  but  one  dass  of  cyto- 
plasmic granules,  as  already  stated,  these  granules  rqiresenting 
the  early  stages  in  the  development  of  pis^tids.  In  order  to  avoid 
any  implication  as  to  the  ultimate  nature  of  these  bodies  and  thdr 
relation  to  other  cytoplasmic  inclusions  described  by  various 
worlLers,  they  have  been  designated  in  the  present  paper  by  the 
term  proplastid.  Whether  or  not  the  proplastid  is  a  chondriosome 
is  a  question  which  can  be  answered  only  when  the  histochemical 
nature  and  develoj)mentiil  history-  of  cytoplasmic  inclusions  have 
become  better  known,  and  when  a  definite  and  uniform  terminology 
has  been  settled  upon.  The  proplastids  can  be  readily  observed 
in  the  living  cells.  They  are  clearly  visible  in  the  cells  of  the 
promeristematic  tissue  of  younj^  stems  and  embr\-onic  leaves,  and 
their  acti\'ities  in  these  ci-lls  and  their  subsequent  beliavior  in  older 
ceUs  have  been  closely  followed  tlirougli  all  stages  of  their  develop- 
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ment.  Although  they  can  be  so  studied  in  the  Uving  cells,  it  is 
nevertheless  necessan'  to  employ  methods  which  will  not  only 
permit  one  to  view  the  living  cell  for  a  moment  in  the  "U\'ing" 
condition,  but  which  will  allow  continued  observntifin  of  the 
actively  functioning  cell  over  a  considerable  ixrioii  oi  time,  thus 
avoiding  alteration  in  the  cytoplasm  which  ma\  be  brought  about 
very  quickly  when  the  living  tissue  is  improjjcrly  handled. 

The  proplastids  appear  in  their  initial  stages  as  refringent 
globules  of  var^dng  size,  always  sharply  distinct  from  the  grovmd 
substance  of  the  cytoplasm.  They  are  constantl}'  changing  their 
position  in  the  embryonic  cells,  being  often  carried  about  rapidly 
by  the  streaming  c>loplasm.  This  phenomeiioii  makes  it  appear 
certain  that  even  the  most  minute  of  the  ptophstids  are  qsecial 
structures  distmct  hem  the  principal  mass  of  cytoplasm  in  vriiidi 
th^  lie.  Particular  attoition  has  been  devoted  to  these  minute 
praphBtids  which  lie  just  within  the  lower  Emit  of  the  range  of 
visibiUty.  They  have  been  examined  with  lenses  of  very  hi£^ 
Ksohring  power  (Zdss  apochromatic  objective,  2  mm.  N.A.  1.40 
and  compensating  ocular  6),  and  their  activity  has  been  repeatedly 
watched  very  closely.  Very  important  questions  concerning  the 
ultimate  nature  and  significance  of  proplastids  are  here  involved, 
and  will  be  discussed  in  another  connection  later.  The  subsequent 
enlargement  of  the  proplastids  to  form  chloroplasts  can  be  traced 
step  by  step  throughout  their  course  of  development,  abundant 
material  being  readily  obtainable  from  young  seedlings. 

Although  comparatively  few  investigators  have  based  their 
interpretations  mainly  on  the  study  of  living  cells,  they  agree 
with  the  present  writer  in  reporting  the  ])resence  of  such  minute 
bodies  in  the  living  meristematic  cell.  In  older  cells,  however, 
many  phenomena  have  been  described  which  the  present  writer 
lias  not  observed,  although  this  may  be  due  in  part  to  the  fact  that 
this  study  has  bt-en  limited  largely  to  mesoph}  ll  cells.-  The  few 
observations  made  on  the  cells  of  other  tissues  indicate  that  addi- 
tional tjTJcs  of  cell  elements  and  modes  of  behavior  may  be  present 
there.  For  example,  conditions  similar  to  those  figured  by  Guil- 
UESMOND  in  epidermal  cells  of  flower  petals  and  other  floral  organs 
have  been  seen  in  the  epidermal  cells  of  mause,  but  not  in  the 
mesophyll  cells. 
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Intra-vitam  stains,  a  number  of  which  have  been  employed, 
have  unexpectedly  failed  to  give  a  definite  reaction  to  the  pro- 
pkstids.  Such  stains  as  Janus  green  B,  violet  of  Dahlia,  neutral 
red,  etc.,  have  given  uncertain  results.  In  some  cases  the  pro- 
pkstids  have  appeared  to  be  faintly  stained  by  Janus  green  B, 
but  in  no  case  has  a  strong  staining  reaction  been  obser\-ed,  neither 
has  it  been  found  possible  to  ditTcrentiate  different  kinds  of  minute 
bodies  in  the  cytoplaiim  o£  the  cell.  (  owdry  (ii)  reported  that 
plant  mitochondrial,  are  stained  with  janiLs  green  B.  but  that  it  is 
much  more  difficult  to  obtain  a  good  stain  in  plant  cells  tliaa  in 
animal  cells  because  of  their  well  developed  cellulose  walls.  A 
aimilar  condusioii  has  been  reached  by  other  plant  workecs. 

ChCMidiiiwimes  inlioth  plant  and  animal  cells  were  fixst  observed 
in  fixed  and  stained  |nepanitions»  and  the  Iac&  of  luufonnity  in 
tiie  zesuhs  d  early  woikeES  may  have  been  largely  due  to  the  use 
of  different  fixatives  and  alterations  resulting  firom  poor  fixation, 
as  has  been  iKnnted  out  above.  The  special  methods  of  fixation 
and  staining  commonly  used  in  a  study  of  the  cytoplasm  have  been 
fully  described  in  recent  Uteratuze  (Cowdky  ii,  Guillibshomd  31, 
Kingsbury  39).  In  general  chondriosomes  have  been  found  to 
be  preserved  by  potassium  bichromate,  chromic  acid,  neutral 
ionnalin,  and  osmic  add,  and  these  are  the  chief  ingredients  of 
the  fixatives  used  for  their  study.  Such  substances  as  iJoohol, 
etho*,  chloroform,  and  acetic  acid  dissolve  the  chondriosomes  or 
produce  profound  changes  in  their  shape,  etc. 

The  methods  of  fixation  ordinarily  emplo}'ed  often  appear  to 
preserve  quite  faithfully  tlie  structures  in  question,  but  direct 
observation  on  the  li\  ing  cell  is  unquestionably  of  far  greater  \  aluc, 
since  it  obviates  the  possibilit}-  of  misinterpretation  to  a  vm*  large 
extent.  Furthermore,  in  tissues  which  are  favorable  for  a  study 
of  the  living  cells  the  cytoplasmic  inclusions  are  shaq^ly  delimited, 
and  actually  are  more  easily  obser\c(l  than  in  fixed  and  stained 
cells.  Conflicting  results  have  been  obtained  by  those  who  liave 
attempted  to  demonstrate  the  existence  of  difterent  kinds  of 
cytoplasmic  bodies  by  the  use  of  various  fbdng  and  staining 
methods.  The  use  of  such  methods  in  this  study  has  failed  to 
furnish  convindng  evidence  for  the  presence  of  more  than  one 
type  of  proplastid  in  the  mitial  stages. 
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Chondriosomef;  of  Tvirlely  different  shapes  have  been  observed, 
the  commonest  forms  heintr  the  irranular  mitochondria  and  the 
rod  or  thread-shaped  chondriokoiils.  These  and  other  t)pes 
are  not  looked  upon  as  belonging  to  distinct  classes  by  plant  cytolo- 
gists,  but  rather  as  transitional  stages  between  granular  elements 
and  struc  tures  such  as  chloroplasts,  chromoplasts.  elaioplasts,  etc., 
concerned  in  the  elaborative  functions  of  the  ccU.  In  animal  cells 
the  chondri(%omes  have  been  seen  to  undergo  marked  changes  in 
Axpe  (Lewis  and  Lewis  40),  but  it  may  be  that  such  changes  are 
more  gradual  in  plants.  The  proplastids  in  maize  are  ol  a  single 
imifoim  shape  in  tiie  mesophyll  cells,  being  granular  in  the  early 
stages  and  spherical  or  ovoid  in  later  ones.  Rodlike  elements  are 
present  in  the  epidermal  oeUs,  but  not  in  the  cells  associated  with 
cfaloroplast  formation.  This  variatk>n  in  the  size,  and  the  different 
reactioos  to  certain  methods  of  fixation  and  staining  have  been  used 
by  workers  as  evidence  for  the  existence  of  diffcvoit  kinds  of 
elements  which  can  be  distinguished  in  embryonic  cdls  and  which 
j)erform  certain  definite  functions.  Prominent  workers  maintain 
that  plastid  primordia  can  be  distinguished  from  mitochondria  at 
all  stages  in  their  development  (Ritdolfh,  Mottxer,  Danosaxd). 
This  conclusion  is  based  chiefly  on  size  differences  and  on  slight 
variations  in  fixing  and  staining  reactions.  This  contention  has 
been  su])])orted  by  the  statement  that  unaltered  mitochondria  are 
present  with  the  chloroplasts  in  mature  cells,  the  inference  I);  ing 
that  all  the  plastid  primordia  have  developed  into  plastids,  while 
the  mitochondria  remained  unchange<i  The  statements  of  MoT- 
TIER  already  cited  are  notew(^rthy  m  this  connection.  The  pres- 
ent study  has  shown  that  in  maize  these  small  b xli  's  in  the 
mature  cells  are  \vit]u>ut  doubt  to  be  regarded  as  plastids  which  are 
for  the  most  i)art  in  a  very  retarded  state  of  development.  A 
sufiicient  number  of  intermediate  stages  between  the  smallest 
ones  and  mature  plastids  are  present  to  make  it  appear  certain  that 
these  bodies  do  not  represent  a  distinct  category  unlike  the  pro- 
plastkls  of  meristematic  cells.  This  question  of  the  possible 
existence  of  more  than  one  type  of  initial  gnuiule  has  received 
critical  attention  throughout  the  present  study,  and  inasmuch  as 
the  origm  of  the  dik>rophists  can  be  traced  backward  throu|^ 
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successi\'e!y  smaller  stages  to  proplastids  which  lie  just  within  the 
lower  limit  of  visibility,  there  appears  to  be  no  justification  for  the 
view  that  more  than  one  kind  of  initial  granule  is  present  in  the 
meristematic  cell.  It  is  only  through  a  study  of  these  minute 
initial  siiiLTs  that  many  of  the  principal  questions  involving  chon- 
driosomes  and  plastids  can  be  answered.  These  earliest  stages 
seem  to  have  received  b\it  scant  attention  from  previous  workers. 
It  is  to  be  eni])ha>i/(  <l  tliat  the  evidence  at  liand  leads  directly  to 
the  conclusioii  li  ai  the  various  structures  observed  in  later  stages 
(green  and  white  pla^tidsj  have  arisen  by  a  process  of  dilTerentiation 
from  bodies  of  one  kind,  rather  than  from  bodies  initially  unlike. 
The  cause  of  sudi  a  difference  in  bcbavior  on  the  part  of  the  pci- 
mofdia  can  only  be  cenjectined. 

Imdividuaiity  op  plastids. — The  proplastids  have  been  found 
to  be  a  constant  feature  of  cytoplasmic  organization  in  maize,  and 
the  question  arises  as  to  the  origin  of  these  bodies.  Thedefintteneas 
of  their  behavior  in  rehitidn  to  the  evohition  of  chloioplasts  indicates 
that  they  are  at  least  concerned  in  the  elaboration  of  certain 
products  of  cell  activity.  Whether  or  not  th^  may  also  be  found 
to  be  associated  with  otiier  vital  functions  remains  as  a  probkm 
for  further  research. 

Plastid  primordia  have  been  considered  by  previous  workers 
as  essential  constituents  of  the  cytoplasm  which  retain  their 
individuality  and  persist  throughout  the  life  cycle  (Forexbacher 
21,  Pensa,  Cavers  5,  GuiLLtERMONT),  Mottter.  Embercer).  The 
evidence  from  primitive  plants  (  Allen.  Sapehin.  Schkrrer),  in 
which  well  developed  plastids  are  present  throughout  the  life 
CNxle.  ma\'  be  considered  as  evidence  favoring  this  view.  The 
occurrence  of  division  stages  in  partially  developed  chloroplasts 
suggests  also  that  the  smaller  bodies  may  divide,  but  my  obser- 
\ations  infiicaie  rather  that  such  an  assumption  is  hardU'  war- 
ranted. Appearances  have  frequently  been  found  which  suggest 
division  stages,  but  definite  jjroof  of  division  is  very  dirticult  to 
obtain.  The  fact  that  a  frequent  association  and  subsequent 
separation  of  the  proplastids  occur  in  embryonic  cells,  as  herein 
described,  renden  it  unsafe  to  draw  conclusions  on  this  point. 
Even  if  it  were  shown  tliat  these  minute  bodies  multiply  by 
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divinon  only,  it  would  still  rerruun  to  be  shown  whether  or  not 
the  same  would  hold  true  for  stages  before  the  bodies  have 
become  large  cnt)ugh  to  be  seen.  The  writer  has  repeatedly 
satisfied  himself  that  the  series  of  stages  observed  actually 
grades  o&  to  the  lower  limit  of  visibility. 

In  view  of  the  uncertainty,'  regarding  the  mode  of  plastid  origin 
in  young  meristematir  cells,  it  seems  probable  that  the  question 
of  the  genetic  continuity  of  plastids  would  not  be  answered  with 
fijiality  by  a  study  of  the  i^ametes  by  methods  at  our  command. 
In  the  present  research  the  gametes  have  not  been  obser\ed. 
If  it  were  found  that  the  fertilized  egg  conta,ins  no  \isible  pro- 
plastids,  the  presumption  would  be  strong  in  favor  of  the  de  mvo 
oiigm  of  these  bodies  in  embiyonic  It  is  conoetvable, 

however,  that  proplastids  too  minute  to  be  observed  mi^t  never- 
theless be  present  and  be  multiplying  only  by  divisioa.  On  the 
other  hand,  if  the  fertilized  eggs  were  found  to  contain  proplastids, 
the  mode  of  their  origin  and  multiplication  would  probably  be  no* 
easier  to  determine  than  in  older  metistematic  cells  which  have 
been  studied  and  described.  It  therefore  seems  that  the  impos- 
sibility of  detennining  the  mode  of  pvoplastid  origin  m  meristematic 
cells  requires  that  the  question  of  the  continuity  of  i^tids  shall 
remain  an  open  one,  regardless  of  any  condition  which  one  vaa^t 
fssaged  to  observe  in  the  gametes.  In  view  of  these  facts,  explana- 
tion of  plastid  behavior  which  are  based  on  the  assumptuHi  of  a 
complete  individuality  on  the  part  of  these  organs  are  unsound. 
The  only  other  alternative  Is  that  of  dr  novo  origin.  The  conception 
of  the  cytoplasm  as  a  substance  in  which  certain  ])roccsses  become 
localized,  with  the  accompanying  new  dilTerentiation  of  regions 
which  are  cell  organs,  has  been  furnished  with  a  clear  statonent 
by  Harper  (351,  as  follows: 

WTiat  seems  to  nu-  the  most  important  advance  in  our  knowledge  of  roll 
architecture  has  been  in  the  direction  of  the  recognition  of  localized  spatially 
differentiated  r^ions  of  the  ceil  body  in  which  certain  processes  occur  .... 
tiie  plastid  is  to  be  regarded  as  s  region  of  the  protoplunuc  complBi  nther 
than  a  difTcrentiatcd  and  definitely  ddiniited  body  ....  cytologically  the 
chloroplast  is  perhai^s  little  more  than  an  area  of  the  cytoplasm  impregnated 
or  infiltrated  with  chlorophyll. 
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The  possibility  of  the  de  nmo  origin  of  cell  organs  is  one  which 

should  be  more  generally  recognized.  With  regard  to  the  plastids 
it  must  be  admitted  that  the  e\  idcnce  so  far  obUiined  by  cy tologists 
does  not  permit  a  definite  decision  in  favor  of  either  the  dc  novo  or 
the  individuality  theor\'.  The  exact  manner  in  which  plastids 
originate  in  the  cell  is  obviously  of  the  greatest  importance  to  those 
who  are  searching  for  the  explanation  of  the  behavior  of  inherited 
characters  which  manifest  themselves  in  these  organs.  If  plastids 
arc  nut  passed  on  as  permanent  individuals,  some  other  explanation 
must  be  oilercd  for  their  refKiated  appearance  and  regular  behavior 
in  successive  generations. 

Smmnuy 

I.  All  the  chloiopbyll  types  emnined  were  found  to  oontain 
the  same  initial  cell  structure,  minute  proplastids"  of  the  same 
sin  and  general  appearance  being  {wesent  in  every  type. 

3.  In  normal  green  plants  the  proplastid  first  appears  in  the  cdl 
as  a  minute  granule  at  the  limit  of  visibility,  gradually  enlarging 
and  developing  chloropliyll  until  it  becomes  a  mature  cfalocoplast. 
In  plants  of  the  other  chlorophyll  types  studied  (Mendelian  white, 
Menddian  yiresoent,  and  the  maternal  inheritance  strain)  the 
unusual  characters  of  the  plants  are  due  to  the  failure  of  the 
pTQplastids  initially  present  to  devekp  into  plastids  with  the  normal 
nae,  or  color,  or  both. 

3.  The  green  and  colorless  plastids  found  in  different  plants  or 
in  different  portions  of  the  same  plant  do  not  represent  two  fimda- 
mentally  distinct  types,  but  are  rather  to  be  regarded  as  the  end 
members  of  a  continuous  series  which  comprises  also  all  inter- 
mediate conditions.  No  cytological  e\  idence  was  found  favoring 
the  view  that  the  primordia  from  which  the  variously  develi(^>ed 
plastids  arise  are  of  more  than  one  kind. 

4.  Partial!)  (le\-eloped  and  full}-  matured  plastids  ma>'  be  seen 
multipK'ing  Ijy  division,  but  when  first  visible  the  ])roplastid  is 
so  minute  that  it  is  impossible  to  detennine  the  mode  of  its  origin. 
The  division  of  partially  mature  and  mature  plastitls  empluiiizes 
the  fact  that  they  have  a  distinct  individuality  at  such  stages; 
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but  in  view  of  the  obscurity  which  surrounds  the  origin  of  the 
minute  primordia  from  which  the  plastids  first  appearing  in  the 
embryonic  cells  arise,  the  question  regarding  the  extent  to  which 
the  plastids  are  to  be  considered  permanent  cell  organs  with  an 
unbroken  genetic  continuity  throughout  the  life  cycle  must  remain 
an  open  one. 

5.  In  the  ca^c  m  l  so.i  strains  in  which  the  inherited  characters 
are  transmitted  according  to  Mendelian  mlc?,  it  is  interred  tliat 
the  behavior  of  the  pro])lastid  is  at  least  in  part  under  the  control  of 
the  nuclear  mechanism.  In  those  strains  in  which  the  inheritance 
o£  the  unusual  characters  is  non-Mendelian  (maternal  strains), 
it  is  very  probable  that  an  explanation  of  another  kind  will  be 
found  necessaiy. 

Tliis  investigation  was  caxned  on  under  the  direction  of  Professor 
Lester  W.  Shabf,  to  whom  the  miter  wislies  to  eqness  his  sincere 
thanks  and  appreciation. 
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hig  ociUar  18.  They  have  been  reduced  approximately  one-third  and  show  a 
magnification  of  about  2^50  diameters.  Observations  of  critical  stages  were 
made  with  a  Zeiss  apochromatic  objective,  2  mm.,  NjV.  1.40,  wiih  compensat- 
ing ocular  6. 

HATB  XI 

Nonnal  gmn  plant 

Except  where  noted,  diawings  are  of  living  odia  of  wbcpidennal  tiame 
bom  ncaophyll  region  of  leaf,  or  of  meriatenatic  cellB  wliich  will  later  beeome 

part  of  mesophyll  tissue. 

Fig.  1. — From  promeristcmatic  region  of  germinating  seed. 

Fig.  2. — ^From  tip  of  tirst  icaf  bud  formed  from  apex  of  stem;  median  sec- 

FsGB.  3-6. — Devdopmental  stages  from  meristenatic  t$ps  of  sucoessiveb^ 

older  embryonic  leaves;  figs.  3-5,  median  sections;  iig.  6,  section  through  cyto- 
plasmic layer  just  beneath  cell  wall;  largest  proplastids  in  fig.  6  faintly  green. 

Figs.  7 ,  8. — From  16  mm.  embryonic  leaf  just  before  it  emerges  from 
sheath,  showing  cytoplainiic  layer  btteath  cdl  wall  ia  iue  view. 

Fio.  7.-^CeII  near  tq>,  gren  oolor  apfMaiing  In  pioplastids. 

Fig.  8.— Cell  somewhat  farther  back  fmm  tip,  proplastids  move  fnify 
developed. 

Fig.  9. — From  mesophyll  tisnie  of  fully  developed  seedling  leaf,  plastids 
bri^t  green. 
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PLAih  XII 
>feiuleli;in  while  jjectiliiig 

Amount  of  green  color  prt'scnt  in  chloroplasts  after  they  have  reached  a 
hize  of  2.5  /i  indicated  by  liepth  oi  shading;  stagei^  rtprt^nted  iii  thia  scries 
taken  inmi  a  j-budi  aeedlmg  about  tax,  days  after  geiminatkm. 

FkiGB.  io-i.>.  Sue  ctsbively  older  atages  in  development  of  proplaatida  ill 
undiffercntiatL^l  meristcmatir  ti.^site;  cells  in  median  section;  hR.  10,  pro- 
meristcniatic  cell  from  stem  tip;  tig.  1 1.  from  tip  of  leaf  hud  recently  fonned 
from  apex  of  stem;  £g.  12,  from  tip  of  18  mm.  embryonic  leaf. 

Figs.  13-16. — ^From  different  regions  of  35  mm.  leaf  just  before  emerging 
from  envekiNiig  leaves;  fig.  13,  undiffctentiated  oeD  near  tq>  (note  abnormal 
appearance  of  some  of  proplastids) ;  irregular  shape  and  presence  of  darker 
regions  within  proplastids  characteristic  of  certain  ones;  figs.  14.  15,  cells 
3-5  mm.  from  tip;  lig.  14,  green  color  entirely  absent  in  all  proplastids;  fig.  15, 
&int  greeniih  color  in  one  pn^Iastid;  othen  abow  oonditiaKia  suggesting 
d^enesataon;  fig.  xfi*  typical  meaopfayU  cell  of  aeedKBg  leaf;  sU^t  tiace  of 
ydlowiafa  green  color  in  some  of  pnplaatida;  othen  almost  ooloilesa  or  oon- 
taining  irregular  opaque  masses. 

Figs.  17-iy. — Cells  from  tip  of  unfolding  seedling  leaf. 

Fig.  17. — Undifferentiated  cdl  at  tip  of  leif;  largest  pro[^tids  faintty 
green. 

Tut*  tS. — Tell  3  mm.  from  tip;  larger  proplastids  fplastids)  dearfy  gieen. 
Fig.  19.— Meaoftl^rU  cell  4.5  mm.  from  tq>;  plastids  bciigfat  green. 

FLATE  nil 
Menddian  vinscent  ^ 

Depth  of  shading  indicfttea  intensity  of  green  cobr  in  later  atages  of  plastid 

development;  material  of  same  age  as  in  the  case  of  Mendelian  white. 

Figs.  20-23. — From  promeristematic  and  embzyonic  leaf  tissue  corre- 
^Kxuling  to  similar  early  stages  in  green  plant. 

Flos.  24-26.  32.— From  merutematic  undMeventlated  tenons  of  sui> 
ccssive^  older  leaf  tips;  figs.  H-*6t  bcfoe  eg^Msun  to  sunlight;  fig.  3s,  after , 
exposure  to  sunlight. 

Figs.  27-29. — CcHs  from  jiale  green  area  of  seedling  leaf. 

Fig.  27. — Mesophyll  cdl  between  vascular  bundles. 

Fig.  28, — Mesophyll  cell  nearer  vascular  bundle. 

Fig.  29.— Cell  lying  next  to  vascdar  bundle. 

Figs.  3o-3a.^Fn»n  transition  rei^on  between  pale  green  and  gnen  areas  of 

seedling  leaf. 

Fic.  30. — Mesophyll  cell  trotn  slight  K'  green  region. 
Fig.  31. — From  dt-cper  green  region. 
Fig.  33.— Cdl  from  apex  of  green  leaf. 
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R.\NI>OLI'H  on  MAIZE 


Digitized  by  Google 


BOTAMCAL  GAXETTE.  LXXIII 


PLATE  XII 


RAMXII.rH  .m  MAI/.K 


Digitized  by  Googl 


lUtTAMCAL  GAZETTE,  LXXIII  PLATE  XIII 


RWnOIJMI  ni,  M.M/i: 


Digitized  by  Google 


BOTAMCAL  GAZETTE,  LXXIII  PLATE  XIV 


RANDOLPH  on  MAIZK 


Digitized  by  Google 


BOTAMCAL  GAZETTE,  LXXIH 


PLATE  XV 


Digitized  by  Google 


BOTAMCAL  GA/J.TTE,  LXXlll 


PLATE  XVI 


RANDOLPH  on  M.MZK 


Digitized  by  Google 


JUSJX>lPlf—MAtZS 


375 


PLAT£  XIV 

Maternal  iaberitaoce  strain 

Material  from  uniformly  yellowish  green  3'-iiidi  eeedlioiB;  amount  oC 
green  color  indicated  by  depth  of  shading. 

Figs.  53-38. — Showing  developiiieDt  of  {JastidB  in  undifferentiated  ^ical 
regions  of  mcccMivd^  older  seedling  leaves. 

F^G.  33.— Pramefisteniatic  tegkn. 

FiC.  34. — Frorn  first  leaf  bud. 

Fig.  35. — From  leaf  bud  4  mm.  long. 

Fig.  36. — From  tip  of  embryonic  leaf  20  mm.  long. 

Fto.  ^.'-Wnm  tq>  of  embisraiik  leaf  40  mm.  long. 

Fig.  38.— 'Frain     of  leaf  about  to  emerge  from  sbeaih. 

Figs.  From  mesophyll  tissue  of  3-inch  seedling  leaf;   fig.  39, 

cell  brt'-vf^rn  vnsrr.hr  himdles;  fig.  40^  Cell  nearer  vASCuIar  bundle;  fig.  41,  cell 
adjacent  to  vascular  bundle. 

PLATE  XV 

Figs.  42-46.— From  fully  developed  mesophyll  leaf  th-^^^o  of  matim 
normal  green  plant ;  amount  of  gr^n  color  indicated  by  depth  ot  shading. 

Fig.  42. — CeU  from  regi<m  of  leaf  blade  inclosed  in  enveloping  leaves. 
41^5>'-^ta9es  ocomiiig  in  meaopbyll  tiaMie  betwaen  uneqMied 
and  caqxiaed  leg^oau  of  same  leaf. 

Fig.  46. — ^Mesoph\  ll  ccU  from  erposed  region  of  fully  developed  leaf. 

Figs.  47-40.-  -Epidermal  cells  of  seedling  leaf  tissue  of  3-inch  seedling: 
eg*  47 >  apex  ot  40  mm.  embryonic  leaf;  fig.  48,  ceil  from  same  leaf,  but 

lii^tfy  fardier  fram  tip;  fig.  49,  cdl  of  40  nun.  enibmkkleafbkda. 

PLATE  XVI 

Fig.  50. — ^From  striped  plant  of  maternal  inheritance  strain,  showing  cells 
Iniai  tnaritional  n^aa  between  yellowish  gre^  stripe  and  green  stripe; 
depth  of  shading  indicates  amount  of  green  color  pfesent 

FkQ,  $x. — From  35  am.  embryonic  leaf  of  a  nonoal  greoi  j-lndk  eaadMm^ 
showing  grouping  of  many  proplastids  about  nucleus. 

Fig.  52. — From  sam'e  ti^ue  as  tig.  51,  showing  efilect  of  osmic  add  (i  per 
cent  aqueous  solution)  fixation  an  proplastids. 

fto.  53.— From  young  kal  tiinie  after  Bcnda'a  fixation  and  ikw- 
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C0LTIVATION  OF  EXCISED  ROOT  TIPS  AND  STEM  TIPS 
tmDER  STERILE  CONDITIONS' 

WlLLIAK  J.  ROBBIirt 

(with  four  FIGtTRES) 

The  growth  of  higher  plants  under  sterile  conditions  is  a  necessary' 
procedure  in  the  in\  c^tif^ation  of  problems  involving  the  direct  use 
by  higher  plants  of  organic  or  in<jrganic  substances  which  may  be 
altered  b\-  bacterial  action.  Failure  to  observe  sterile  conditions 
throws  doubt  on  the  conclusions  drawn  from  the  results  secured  in 
any  experiment  where  the  direct  use  by  plants  of  an  organic 
compound  and  some  inorganic  substances  such  as  anuuomum  salts 
or  nitrates  is  investigated. 

As  indicated  by  Wilson  (15),  the  methods  which  have  been  used 
to  grow  plants  under  sterile  conditkuis  have  either  attempted  to 
grow  the  entire  plant  under  sterile  conditions,  or  to  keep  that  port 
of  the  plant  which  is  of  importance  in  the  special  investigatkm  in 
a  sterile  environment.  Ldtz,  LAtntENT,  Lbeevsb,  Mouiasd, 
Grais,  Ravin,  Emudson  (xx),  Beamnon  (4),  and  others  have 
described  methods  of  cultivating  entire  plants  under  stcnie  coodi' 
tions.  Maz^  and  FfeutisR  (xa),  Shulow,  Hutchinson  and 
MnxBR  (9),  and  Wilson  (15)  have  described  in  some  detail  methods 
by  which  higher  plants  may  be  grown  with  their  tops  exposed  to 
the  normal  aerial  environment.  MAzi  and  Wilson  grew  com 
plants  to  maturity  with  the  root  systems  in  sterile  water  cultures. 
Isolated  and  mature  plant  onbryos  have  been  cultivated  under 
non-sterile  conditions  for  longer  or  shorter  periods  by  Brown  and 
?kToRRis,  Androxescu  (2),  Urbain  (16),  and  others.  Knupson 
cuhivated  com  embr>'os,  and  Buckker  and  Kastle  (3)  bean 
embr\'os  for  short  periods  under  sterile  conditions.  Isolated  and 
immature  embryos  of  specief;  of  Rhapanm;  and  of  Coclilcarm  datiica 
have  been  grown  with  some  success  under  sterile  and  non-sterile 
conditions  by  Hannig  (8).    Haberlandt  (5)  attempted  to  grow 

'  Published  with  the  permission  of  the  Director  of  the  Agricultuiml  £z(>enmeat 
Station,  University  of  Miis^ouri. 
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the  isoktod  celk  of  tbe  leaves  of  hii^iear  plantSf  and  succeeded 
(6»  7)  m  obtainiiig  some  oeE  division  under  certain  cooditioiis  in 
isolated  ineoes  of  the  tissue  from  tttbeisi  stems,  and  leaves  0^ 
.plants.  To  iJie  writer's  knowledge,  hofirever,  the  cultivation  in 
sterile  and  artificial  media  of  a  portion  of  the  meiistematic  tissue 
of  higher  plants  has  not  been  accomplished. 

In  the  present  paper  a  mcth(xi  is  described  by  which  isolated 
mcristematic  tissue  (root  tips  and  stem  tips)  of  higher  plants  may 
be  grown  with  some  success  under  sterile  controlled  conditions. 
There  are  ])resented  also  the  results  of  some  preliminan,-  experi- 
ments in  which  the  method  has  been  used,  and  which  indicate  the 
possibilities  and  ii nutations  in  growing  excised  root  tips  and  stem 
tips  under  these  conditions. 

The  cx])eriracnts  described  were  jierfomied  for  the  most  part 
in  1917  at  the  Alabama  Polytechnic  Institute  and  Experiment 
Station,  as  the  hrst  step  in  an  investigation  to  dellne  the  classes  of 
materials  required  by  a  plant  shoot  or  root  for  continued  growth. 
In  order  to  eliminate  the  influence  of  the  shoot  and  its  products 
on  the  root,  or  of  the  root  on  the  shoot,  it  was  considered  necessary 
to  gnnr  the  voot  t^s  kolated  from  the  tops,  and  the  shoot  tips 
isolated  fiom  the  roots,  in  artificial  media  under  sterile  conditions. 
It  was  thought  that  if  the  isolated  meristematic  tissue  of  a  higlier 
plant  (such  as  the  shoot  t^  or  the  root  tip)  could  be  cultivated 
successfully,  such  questions  as  tlie  synthesis  of  elabomted  nitrogen 
by  the  non-green  parts  of  higher  phmts  and  the  relation  of  chloro- 
phyll and  lic^t  to  it,  the  necessity  of  accessory  food  substances  for 
the  growth  of  green  plants,  in  short,  the  complete  nutrient  require- 
ments of  the  shoot  and  of  the  loots  of  higher  plants,  and  possibly 
of  mdividual  cells  of  the  plant,  could  be  investigated  directly. 

Method 

•  The  method  followed  in  securing  sterile  root  or  shoot  tips  and 
cultivating  the  excised  tissue  was  as  follows.  Seeds  were  sterilized 
by  Wilson's  (14)  calcium  h>'pochloritc  method,  and  transferred 
without  washing  to  sterile  Petri  dishe>  containing  a  thiti  layer  of 
o.S  or  I  jx-r  cent  jilain  agar.  In  transferring,  a  metal  spoon  made  of 
aluminum  with  a  wooden  handle  was  used,  and  this  spoon  was 
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dipped  in  alcohol  and  flamed  in  order  to  sterilize  it  pRvious  to  use. 
When  the  seeds  had  genoinated  and  the  roots  had  reached  a  length 
of  a  centimeter  or  more,  a  centimeter  or  thereabouts  of  the  root  tip 
was  cut  off  in  the  dish  with  a  sterile  scalpiel,  measured,  and 

transferred  with  a  sterile  ]-)lat!ni!m  loop  to  the  described  culture 
mediuyi.  The  growing  tip  of  the  shoot  was  similarly  treated. 
By  this  method  a  part  of  the  plant,  including  the  meristematic 
legion,  was  excised  and  placed  under  sterile  controlled  conditiops. 

Growth  of  root  tips  in  sterile  nutrient  solutions 

Using  the  method  described,  the  root  tips  of  peas,  cotton,  and 
com  were  placed  in  (i)  a  modified  Pfeffer's  solution/'  the  same 
solution  containing  2  per  cent  glucose,  and  (3)  the  modilied  Ffeffer's 
solution  containing  2  per  rent  levulose.  Each  root  tip  was  trans- 
ferred to  an  Erlenmeyer  lla?.k  ol  125  cc.  capacity,  containing  50  cc. 
of  solution.  The  flask  was  set  in  the  dark  and  allowed  to  stand  at 
room  temperature  during  the  period  of  the  experiment.  It  was 
found  that  in  such  solution  cultures  the  root  tips  of  peas,  cotton, 
and  com  would  develop  into  a  considerable  root  system  in  the 
mmeral  nutrient  solution  containing  carbohydrates,  but  that 
little  growth  occurred  in  the  culture  sohrtion  to  which  no  carbo- 
hydrate was  added.  For  all  three  plants  the  greatest  growth 
occuized  hi  the  ghioose  solution.  The  method  of  culture  and  the 
aiypeexance  of  root  tips  of  com  in  a  a  per  cent  ghioose  sohitibii  and 
hi  a  solution  laddng  carbohydrates  at  the  end  of  twen^-fonr  days 
is  shown  ui  fig.  I.  The  detailed  results  of  these  eariy  eqieriments 
were  as  foUowa: 

PftAS. — ^In  the  experiment  with  peas,  the  variety  Extra  Eaify 
was  used,  and  the  period  of  growth  was  twenty-nine  days.  Fifteen 
root  tips  were  usc^  with  each  sugar  solution  and  thirteen  in  the 
mineral  solution  without  sugar.  One  contamination  developed. 
All  of  the  roots  in  the  levulose  solution  were  darkish  brown,  partic-  • 
ularly  at  the  cut  end.  Those  in  Pfeffer's  solution  were  pure  white. 
All  were  turgid,  but  the  specific  gra\nty  of  tho^e  in  the  Pfeffer's 
solution  was  less  than  that  of  those  grown  in  the  sugar  solution. 

'  The  composition  of  this  solution  was  as  follows: 

Ca(NOj)„  3gm.;  KH^PO^,  asgrn.;  KNOj,  0.5  gm.;  KO,  o.a5giii.;  MgSQi, 
0.5  gm.;  FcClj,  0.005  gm-;  dutilled  water,  6000  cc. 
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The  former  floated  on  water,  the  latter  sank.  The  average  growth 
in  length  of  the  roots  is  given  in  table  I,  from  which  it  can  be  noted 


Fic.  I. — Appearance  of  root  tips  of  com  in  Pfeffer's  solution  at  end  of  twenty- 
four  days;  flask  no.  i  contains  2  per  cent  glucose,  flask  no.  2  contains  no  carbohydrates; 
root  tip  in  no.  i  appeared  as  root  tip  does  in  no.  2  at  beginning  of  experiment. 

that  in  the  mineral  nutrient  solution  alone  the  average  gain  in 
length  was  0.84  cm.,  and  no  secondary  roots  were  produced.  In 
levulose  the  average  gain  was  2.04  cm.  with  2.3  secondary'  roots; 


TABLE  I 

Root  tips  of  pea  crown  t^venty-nike  days  in  da»c 


Solution 

Number  root 
tip*  lucd 

Average 

original 
Icnirth 

(cm.) 

Gain  in  leoKth 
to  davt 
(cm.) 

Side  rooti, 
averaice  number 
per  root 

13 

1.58 

0.84 

0 

14 

I.4Q 

4.37 

3  5 

Pfeffer's  plus  levulose  

»S 

1-54 

3  .04 

23 

in  glucose  the  average  gain  was  4.27  cm.  with  3.5  secondary  roots. 
Considerable  variation  in  growth  was  evident.   Some  of  the  roots 
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in  the  sugar  solution  made  little  or  no  growth,  others  grew  well 
(fig.  2).  These  roots  which  showed  little  growth  lowered  the  average 
for  the  lengths  in  the  sugar  solutions.  The  maximum  growth  in 
glucose  of  a  root  tip  originally  1.5  cm.  long  was  13.5  cm.  with 


Fig.  3. — (i)  Root  tips  of  pea  grown  in  dark  in  Pfeffcr's  solution  plus  2  per  cent 
glucose;  (2)  plus  2  per  cent  levulose;  (3)  plus  no  carbohydrate;  (4)  com  root  tips 
grown  in  Pfefifer's  solution  plus  2  per  cent  levulose;  (5)  plus  no  carbohydrate;  (6)  plus 
a  per  cent  glucose. 

thirteen  side  roots,  in  levulose  of  a  root  tip  originally  2.6  cm.  the 
maximima  growth  was  7.5  cm.  with  nine  secondary  roots. 

The  general  appearance  of  the  pea  roots  was  not  entirely  normal. 
The  brownish  color,  especially  noticeable  in  the  le\'ulose  solutions, 
and  the  failure  of  some  of  the  roots  in  the  sugar  solution  to  make 
much  growth  while  others  grew  fairly  well,  suggest  that  the  sterili- 
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zation  of  the  seeds,  the  method  of  handling  the  roots,  or  the  culture 
solution  was  injurious  or  at  least  unfavorable.  It  is  of  interest 
to  note  that  when  the  root  curved  in  its  growth  the  lateral  roots 
were  produced  on  the  convex  side  of  the  root.  Thi.s  was  found 
to  be  true  nUn  in  tlie  roots  of  all  three  kinds  of  plants,  and  it  can 
he  noted  in  the  case  of  corn  and  pea  roots  in  fig.  2.  Jost  (id) 
states  that  by  bending  the  main  root,  development  of  lateral  roots 
may  be  pre\  ented  from  the  concave  side,  and  cites  the  lupine  as 
an  example  after  Noll. 

Corn.-  U.->ing  the  same  metho<ls.  corn  roots  were  investigated. 
The  period  of  growth  was  eleven  days  in  the  dark,  aiui  ihc  number 
of  roots  used  in  this  preliminary  experiment  was  three  in  the  glucose 
sohition,  two  ttf  the  levulose  solution,  and  two  in  the  mineral 
nutiient  sdution  without  sugar.  The  cm  root  made  a  mudi 
greater  growth  than  the  peas,  and  did  not  show  the  biownhig  so 
evident  in  the  pea  roots  in  the  sugar  sohttion,  but  were  white  in 
both  the  sugar  solution  and  the  mineral  nutnent  sohition  at  the  end 
of  the  ezpeilment.  The  data  in  table  II  show  that  the  avenge 


TABLE  II 

Root  tips  or  coen  gkowm  slevsn  days  in  damk 


Sohlion 

oiMiiMl  kafth 

(cut.) 

ll1ITn^lMSCT"lt 
117  lOOli 

Pfcffer's  plus  2*7  rIucosc.  . . 

3 

23 

8  33 

32 

a 

3  75 

5  t»5 

ao 

9 

4»5 

i.bo 

1  • 

increase  in  length  in  the  PfefTer's  solution  was  1.6  cm.  with  no 
secondary  roots,  the  average  increase  in  length  in  the  levulose  was 
5.95  cm.  with  twenty  fsecondary  roots,  and  in  glucose  8.3.^  cm.  with 
twent}-two  secondary  roots.  The  appearance  of  the  corn  roots 
at  the  end  of  the  experiment  is  shown  in  fig.  2. 

This  preliniinar)  experiment  does  not  indicate,  however,  the 
maximum  amount  of  growth  which  com  roots  may  make  under 
the  conditions  described.  Since  the  experiment  was  perfoimed,  sev- 
eral hundred  com  roots  have  been  grown  in  sterile  nutrient  solutiona. 
Com  roots  with  a  length  of  14-17  cm.  and  with  80-125  seoondaiy 
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roots  have  frequently  been  gnmn  in  two  weeks  in  the  dark  in 

Pfeffer's  solution  containing  2  per  cent  glucose.   The  maximum 

length  has  been  that  of  a  tip  originally  2.0  cm.  long  which  attained 
a  length  of  32.5  cm.  and  131  secondary  roots,  in  fort> -three  days. 

Cotton. — Root  tips  of  cotton  were  grown  se\  enteen  days  in 
the  three  solutions,  and  with  them  even  more  striking  results  were 
secured  than  with  the  corn.  Tips  of  ten  roots  were  used  in  glucose, 
ten  in  lcvulu^c,  and  eleven  in  PfeflFer's  solution  without  sugar. 
The  root  tips  in  glucose  lengthened  very  rapidly,  and  at  the  end  of 
seventeen  days,  as  indicated  in  table  ill,  had  attained  an  a\  eragc 


TABLE  m 

GxOWTB  Ot  soot  Tin  OF  OOtTOtt  IK  SttSItB  KOtllEtiT  SOLUllOMS 


Numbef  of 

Avcraite 
orutinml 

(ca.> 

Gain  in 
length  17 
days  (cm.} 

Avcraite 
number 
secondary 
roou  per 
not 

Dry  veight 
per  root 
(gm.) 

10 
10 
It 

3  06 
3.IJ 
3.99 

31  76 
a.34 
1.93 

6r 
39 
e.t 

I  2 
O.O7J8 
0.1340 

length  of  34.8  cm.,  while  originally  they  were  but  3.06  cm.  long. 
The  cut  end  of  the  roots  in  glucose  was  very  dark  brown,  almost 
black  for  1  1.5  cm.,  and  brownish  for  3-4  cm.  The  root  cap  was 
black.  In  levulose  the  increase  was  much  less,  only  2.34  cm.,  and 
the  whole  root  was  dark  brown.  The  increase  in  length  in  the 
mineral  solution  alone  was  still  less,  being  only  1.9  cm.  The  roots 
were  pure  white.  The  maximum  growUi  ia  the  glucose  solution 
was  that  of  a  root  tip  3.2  cm.  long  which  attained  a  lengtli  of 
42.2  cm.  with  seventy  secondary  roots.  In  levulose  the  maximum 
growth  was  that  of  a  root  t^  2.1  cm.  long  wbidi  grew  to  134  cm. 
with  tlmteen  secondary  roots. 

Growth  of  root  tips  in  agar 

The  excised  root  tips  of  com  have  also  been  grown  in  i  per  cent 
agar.  Fig.  3  shows  the  growth  of  an  excised  root  tip  of  com  at 
the  end  of  two  weeks  in  Pfeffer's  solution  containing  i  per  cent 
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agar,  and  in  Pfeffer's  solution  plus  2  per  cent  glucose  containing 
1  per  cent  agar.  It  can  be  noted  from  the  figure  that  the  root  tip 
not  supplied  with  glucose  has  made  little  growth,  while  the  root  tip 
supplied  with  glucose  has  made  considerable  growth,  has  responded 
normally  to  gravity,  and  has 
produced  a  considerable  num- 
ber of  secondary  roots. 

Growth  of  shoot  tips  in  sterile 
nutrient  solutions 

The  shoot  tips  of  pea,  com, 
and  cotton  were  placed  in  the 
three  solutions  and  grown  in 
the  dark.  While  growth  was 
secured  in  the  carbohydrate 
solution  with  cotton,  the  de- 
velopment was  abnormal  and 
measurements  were  not  made. 
The  shoots  of  peas  and  com 
developed  more  normally  in 
the  carbohydrate  solution,  and 
in  many  cases  produced  roots. 
The  plants,  however,  were  chlo- 
rotic  and  showed  the  elonga- 
tion and  small  leaf  development  typical  of  plants  grown  in  the 
dark  (fig.  4).  In  both  cases,  as  indicated  in  table  IV,  the  greatest 
increase  in  length  occurred  in  the  glucose  solution  and  least  in  the 
Pfeffer's  solution  without  sugar.  The  relative  growth  of  the  shoot 
tips  in  the  three  solutions  was  therefore  the  same  as  that  of  the 
root  tips.  Starch  was  found  in  the  tissue  grown  in  the  glucose 
and  levulose  solutions,  and  in  the  guard  cells  of  the  shoots  in  the 
Pfeffer's  solution. 

From  these  experiments  it  is  evident  that  in  the  dark,  in  solution 
cultures  containing  the  mineral  salts  commonly  accepted  as  essential 
for  the  growth  of  green  plants  and  a  soluble  carbohydrate,  the  root 
tips  of  com,  cotton,  and  peas,  and  the  stem  tips  of  com,  cotton,  and 
peas  make  considerable  growth.    In  the  same  solutions  lacking 


Fig.  3. — Growth  of  root  tips  in  Pfeffer's 
solution  plus  i.o  per  cent  agar;  tube  on 
left  no  glucose,  tube  on  right  2  per  cent 
glucose. 
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carbohydrates,  only  a  slight  increase  in  length  occurs,  probably 
at  the  expense  of  carbohydrate  originally  present  in  the  root  tip. 

Glucose  is  apparently  a  better  source  of  carbon  than  levulose 
for  all  three  plants  and  for  both  tops  and  roots.    This  is  particularly 


Fig.  4. — (i)  Com  shoot  tips  grown  in  dark  in  Pfcffer's  solution  plus  2  per  cent 
levulose;  (2)  plus  no  carbohydrate;  (3)  plus  2  per  cent  glucose;  (4)  pea  shoot  tips  growTJ 
in  dark  in  Pfeffer's  solution  plus  2  per  cent  levulose;  (5)  plus  2  per  cent  glucose; 
(6)  plus  no  carbohydrate. 

noteworthy  in  the  case  of  cotton,  where  the  increase  in  length  of 
the  root  tips  in  glucose,  as  indicated  in  table  III,  was  thirteen  times 
the  gain  in  levulose,  twice  as  many  secondary  roots  were  produced, 
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and  the  gain  in  dry  weight  compared  with  the  check  was  twice 
as  great.  Although  the  number  of  coon  lOOt  and  stem  tips  used  in 
this  experiment  was  small»  the  roots  grown  in  glucose  were  better 
than  those  in  levulose.   No  comparison  between  the  two  sugars 

could  be  made  in  the  case  of  cotton  stem  tips.  The  contnLst  between 
the  relative  elTect  of  glucose  and  levulose  on  the  amount  of  growth 
made  by  the  tissue  of  these  seed  plants  and  their  effect  upon  the 


TABLE  IV 

GlOWXB  OV  SBOOT  Ttl'S  OF  PEA  AND  roKN  tS  DARK,  TWl  STV-MNK  AMD  BIXVKK  OAU 
BKSPECTIVELY,  IN  SIWULE  NUTWEXT  SOLUTIONS 


Additkms  to  modified 
PfEfe'snlHtim 

Number  sboot 
li|H«Md 

Avenge 

Cain  in 
Ingtli  ica.) 

ToUl  number 

not* 

Glucose  (2%)  

Lcx-ulosc  {2%)  

N«M  

Glucose  (2^f  )  

>5 
IS 
«4 

1-75 
1.72 
1.7s 

12.77 
3-S8 
0.88 

3 

«4 

Con 

3 
3 
* 

2. 16 
2  .90 

3-7S 

175 
12.43 
4.50 

13 
8 
I 

growth  made  by  CeraUtdon  pnarpunus  should  be  noted.  In  the  case 
of  the  latter  plant,  as  lepOTted  earlier  (13),  the  amount  of  diy  matter 
produced  with  levulose  as  the  carbon  source  was  2-7  times  as  great 
as  the  amount  produced  with  glueose.  The  fact  that  the  stem  tips 

in  the  dark,  even  in  the  presence  of  2  per  cent  glucose,  are  morpho- 
logically like  etiolated  shoots,  would  also  indicate  that  it  is  not  an 
absence  of  available  carbohydrate  which  causes  the  stem  elongation 
and  small  leaf  development  of  plants  grown  in  the  dark. 

Coatioiied  growth  of  root  tips  in  collnre  aidtttiona 

The  fact  that  the  root  tips  in  these  cxjieriments  grew  in  solutions 
containing  carbohy  drates,  and  made  very  little  growUi  in  the  same 
solutions  lacking  sugar,  would  suggest  that  the  complete  require- 
ments for  the  growth  of  roots  are  water,  mineral  salts,  carbohy- 
drates, and  free  ox>'gen.   If  sudi  were  the  case  we  should  expect 
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that,  furni-hed  with  sulficient  quantities  of  these  materials  in  the 
proper  ]>ri>pi)rtions,  a  root  would  continue  to  grow  indefinitely. 
The  excised  roots  of  corn,  however,  will  not  grow  indelinitely 
under  the  conditions  cle.>cribed.  Their  development  is  rather 
definitely  limited  in  the  flark  in  the  culture  solutions  used,  as  can 
be  noted  from  the  foUuwmg  experiment. 

Root  tips  of  com  were  grown  in  the  dark  in  the  Pfeffer's  solution 
containing  2  per  cent  glucose.  At  the  end  of  eight  days  the  tips 
of  the  roots  were  cut  o£f  and  transferred  to  a  fresh  solution  of  the 
same  composHioii,  ivfaeie  they  ivere  aUmrad  to  grov  for  tea  days. 
At  the  end  of  that  time  the  tip  was  again  cut  off  end  tnmfened  to 
a  new  sohition.  dawtb  took  place  there  for  ten  days.  Ji  the 
nuttieat  sohttion  were  conq>lete  and  no  inhibiting  or  injufious 
factors  acdve,  by  oootisued  transfers  we  should  be  able  to  keep  a 
root  tq>  growing  Indefinitely  in  the  same  way  as  cultures  of  bacteria, 
moldsy  or  yeasts  are  kqit  growing  indefinitely  by  continued  traasfeis 
to  fresh  media. 

In  this  expeEiment  the  growth  diinng  the  first  period  was  excel- 
lent, and  the  number  of  secondary  roots  large  (table  V).  During 

TABLE  V 


GtomH  ov  BOOT  nrs  ot  oobm  di  kqiuint  tKuxtaoM*.  boot  ms  ni  ouoow 
soLumnf  COT  <av  amd  tSAinttiitD  as  mncAno 


IMBdolcwwth 

ia»mA^      1  Average 
"W**          j   knstb  (cm.) 

Gdnia 
leagtb  (aa.) 

Number 
leootiiiAry 
nou  per  root 

Pfeffer's  (olutlon  plus  »  per  cent  glacoM 

16 
16 

3-43 
3  48 
t.86 

8.98 
2.04 
0.14 

64.8 

JO  S 
00.0 

PMhi'tfdatioa 

10 

3.6s 

0.90 

00.0 

the  second  period  the  mcrease  in  length  was  one-fourth  that  of  the 
first  peiiod,  and  the  number  ol  secondary  roots  one-tUrd.  In 
the  third  period  hardly  any  increase  in  length  was  found,  and  po 
secondary  roots  were  produced. 
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The  iniCTwwini  giatn  In  the  fiist  peziod  mu  that  of  a  zoot  tip 
oiigmaDy  4.3  Gm«,  whidi  increased  to  18.0  cm.  and  pxxxluced 

ninety-seven  secondaiy  roots.  The  maximum  gain  in  the  seoood 
period  was  that  of  a  root  tip  a.7  cm.  kmg  originally,  which  increased 
to  7.4  cm.  and  produced  twenty-one  secondary  roots.  In  the  third 
period  only  three  out  of  thirteen  roots  showed  any  increase  in  length, 
the  maximum  being  0.9  cm.  This  exp>eriment  has  been  repeated 
many  times,  and  many  root  tips  of  com  have  been  carried  through 
the  three  periods  of  culture  given.  Five  varieties  of  corn  have 
been  used:  a  dent  variety  from  Alabama;  Longfellow  flint  from 
New  York  (kinclK'  furnished  by  Dr.  J.  K.  Wilson);  Boone  County 
White  and  Reed's  Yellow  dent  from  Missouri;  and  Funk's  Yellow 
dent  from  Illindi^.  The  stoppage  of  growth  in  the  third  period  in 
Pfeffer's  solution  plus  2  per  cent  glucose  has  occurred  in  ever>-  case. 
No  single  root  tip  thus  far  has  made  more  than  a  slight  amount 
of  growth  in  the  dark  in  the  third  period. 

Not  only  does  a  diminution  of  growth  rate,  and  a  reduction  in 
the  production  of  secondary  roots  ending  in  a  cessation  of  growth 
hi  the  third  period  take  place  in  the  couise  of  these  transfers,  but 
the  diameter  of  the  root  tip  GoatuniaUy  .decreases,  until  in  the 
third  period  its  diameter  is  one-fourth  or  less  that  of  the  original 
root  tip.  When  stoppage  of  growth  takes  place^  however,  the  root 
tips  may  apparently  be  normal  in  macroscopic  and  microscopic 
appearance,  showing  vascular  bundles  and  root  hair  development. 

The  failure  of  an  eidsed  root  to  continue  growth  when  rq)eated 
transfers  of  the  root  tip  are  made,  at  once  suggests  that  the  seedling 
root  contains  some  material  deri\  cd  from  the  seed  other  than 
ghicose,  the  mineral  salts  of  Pfefier's  solution,  water,  and  free 
OQQTgen  which  are  necessary  for  continued  growth  and  which  the 
root  cannot  synthesize  in  the  dark  in  solution  cultures  from  the 
material  supplied.  Such  material  or  materials  would  be  fraction- 
ated b}-  the  continued  transfers  of  the  root  tips. 

Other  explanations  may  be  suggested.  The  stoppage  of  growth 
may  be  due  to  an  unbalanced  conditi(jn  of  the  nutrient  solution 
in  which  the  roots  are  grown.  The  root  lips,  however,  at  the 
time  of  growth  stoppage  may  show  no  macroscopic  e\  idence  of 
injury,  and  the  fact  that  root  hairs  may  be  present  on  the  root 
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tip  in  the  third  period  also  would  indicate  that  the  stoppage  of 
growth  is  not  due  to  the  toxicity  of  the  solution.  The  dextrose 
may  penetrate  too  slowly  to  furnish  sufiicient  carbohydrate  to  the 
root  cells  for  continued  growth.  This  would  not  appear  to  be  a 
feasible  explanation,  however,  because  tiie  early  (rrowth  of  the  root 
tip  is  rapid,  and  the  decrease  in  growth  appears  progressively 
greater.  The  early  growtli  inust  occur  at  the  expense  of  glucose 
whii  li  penetrates  the  root  cells,  because  the  root  tips  furnished  with 
no  glucose  in  the  nutrient  solution  grew  \ery  little.  It  would  seem 
that  if  the  rate  of  penetration  of  tlic  glucose  determines  the  stoppage 
of  growth  one  would  have  to  assume  a  continuously  increasing 
diflkulty  of  penetiatioii,  termmalizig  in  entire  impennealuHty  of 
the  zoot  celk  to  glucose.  Tbe  limited  oxygen  supply  in  the  solution 
cultures  may  accoimt  for  the  growth  stoppage.  Here  again, 
however,  no  better  supply  of  oxygen  is  supplied  in  the  first  period 
than  in  the  later  periods,  and  yet  the  growth  In  the  first  period  Is 
the  most  rapid.  If  the  limited  oo^gen  supply  is  the  factor  yrtath 
eventuaUy  causes  the  stoppage  of  growth,  it  must  be  a  cumulative 
effect,  due  either  to  the  development  of  deleterious  materiab  otr 
faflure  to  synthesize  some  necessary  material.  It  should  also  be 
noted  that,  although  the  aeration  of  water  cultures  of  entire  com 
plants  favors  root  and  top  development  (Andrews  and  Beals  x), 
the  roots  of  an  entire  plant  in  unaerated  water  cultures  do  not  show 
the  stoi^^e  of  growth  evident  with  the  excised  roots  in  solution 
cultures.  It  would  seem  reasonable  to  assume,  therefore,  as  a 
working  hypothesis  from  the  experiments  described,  that  oxygen, 
the  mineral  salts  of  PtefTer's  solution,  glucose,  and  water  are  insuf- 
ficient for  the  continued  growth  of  excised  corn  roots. 

Summary 

T.  A  simple  method  of  growing  the  isolated  meristematic  tissue 
of  higher  plants,  excised  root  tips  and  stem  tips,  undo:  sterile 
conditions  is  described. 

2.  The  excised  root  ti])s  of  peas,  corn,  and  cotton  make  consider- 
able growth  in  the  dark  in  solution  cultures  containing  mineral 
salts  and  glucose  or  ievulose. 
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■  3.  The  excised  root  tips  of  peas,  corn,  anr!  cotton  make  little 
growth  in  tlie  dark  in  solution  cultures  containing  mineral  salts  and 
lacking  carhnhydratc. 

4.  The  growth  of  the  isolated  root  tips  of  peas,  com,  and  cotton 
is  markedly  greater  in  solution  cultures  containing  glucose  than  in 
those  containing  lev-^lose. 

5.  The  excised  roots  of  corn  respond  noniuilly  to  gravity  when 
grown  on  agar  containing  mineral  salt^  and  glucose. 

6.  The  isolated  shoot  tips  of  peas  and  com  make  considerable 
growth  in  the  dark  in  sterile  solution  cultures  cantainiiig  mhuaal 
salts  and  i^ucose  or  kvulose,  but  little  in  the  absence  of  caibo- 
hydrates. 

7.  The  excised  shoot  tips  of  com  and  peas  grown  in  sugar 
sdutioQs  remain  chloiotic,  and  those  ol  peas  show  the  stem  dongfr' 
tion  and  small  leaf  development  chaxacteristic  of  plants  grown  in 
the  dark* 

8.  When  the  cacdsed  root  tips  of  com  are  grown  for  ten  days  or 
two  weeks  in  the  dark  in  a  solution  cuhuie  containing  glucose  and 
mineral  salts,  and  the  tip  is  then  cut  off  and  transferred  to  a  fxtsh 
solution  of  the  same  type,  the  amount  of  growth  in  the  second 
period  is  less  than  that  in  the  first,  and  ceases  in  the  third  period. 
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INFLUENCE  OF  WHEAT  SEEDLINGS  UPON  THE 
HYDROGEN  ION  CONCENTRATION  OF 
NUTRIENT  SOLUTIONS* 

LiMOB  H.  J0NS8  Alio  JoHJi  W.  Saxj* 
btvodiictiiHi 

That  the  reaction  of  nutrient  culture  media  beais  a  veiy  impor- 
tant idatioii  to  tbdr  bkk^gical  properties  is  a  &ct  that  is  wdl 
reoogniBed*  CoiiuideraitioiL  of  H  icq  ooncentnition  is  of  vital  im- 
portanoe  in  nitb  idant  culture  studiesy  not  ooky 

because  of  the  profound  influence  which  this  factor  exerts  upon 
the  manner  in  which  plants  respond  toward  certain  nutrient  ele- 
ments in  the  media,  but  also  because  of  its  intimate  idatfoa  to 
plant  growth  in  gneial* 

The  H  ion  concentrations  of  some  nutrient  solutions  ccnmumly 
used  for  plant  physiological  studies  undeigo  rapid  and  prooomiced 
dianges  in  contact  with  the  roots  of  growing  plants,  while  the 
reaction  of  other  nutrient  solutions  changes  only  slightly  or  not  at 
all  under  similar  conditions,  owing  to  the  fact  that  they  poaseaa 
strong  buffer  properties.  The  rate,  direction,  and  degree  of 
reaction  change  are  dependent,  of  course,  upon  a  number  of  differ- 
ent factors,  some  of  the  nn^rc  import. mt  ot  whicu  are  the  composi- 
tion and  concentration  of  the  nutrient  solutions,  and  the  species, 
ai,a .  and  activity  of  the  plants.  It  is  not  the  purpose  of  this  paper, 
however,  to  consider  the  \'arious  factors  involved  in  the  relation 
of  the  plants  to  the  reaction  chantjes  which  they  may  be  capable 
of  bringing  about  in  nutritiit  suluUoiis  in  which  they  are  grown, 
but  to  report  briefly  an  experiment  carried  out  lor  tlie  purpose 
of  comparing  the  various  nutrient  solutions,  commonly  used  for 
plant  cultures,  with  respect  to  the  initial  H  ion  concentrations 
of  the  sohttioosy  and  to  study  the  reaction  changes  induced  la  them 
by  contact  with  the  roots  of  yuung  wheat  pUmts. 

*  Paper  no.  68  o{  the  Jouxnal  Scries,  New  Jersey  A^cultural  £;q>erimeQt  Station, 
DiputPMBt  of  Pint  fkpUksf, 

191 
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Procedure 

Spring  wheat  of  the  Marquis  variety  was  germinated  on  a  net 
as  described  by  Shive  (x5)«   Seedlings  carefully  selected  for  imi- 

fomiity  of  size  and  vigor  were  transferred,  when  about  5  an.  tall, 
to  Shive's  three-salt  solution  RsCj,  after  having  been  mounted  ia 
the  double  piece  paraffined  cork  stoppers  devised  by  Totttxcttajc 
(18).  The  stoppers  were  of  the  proper  size  to  fit  quart  fruit  jars 
of  colorless  glass,  which  were  used  for  culture  Acssels.  Three 
scedliiifTs  were  Include^l  in  each  culture.  The  cultures  thus  pre- 
pared were  conducted  during  a  time  period  of  twent) -live  days, 
with  renewal  of  solutions  ever\'  three  or  four  (Ia>s.  When  the 
sccdlinps  were  approximateh-  thirty  days  old  from  the  time  of 
germination,  culture.-,  were  selected  in  which  the  i)lants  were 
about  equal  with  respect  to  size  and  \  igor  in  so  far  as  this  could  be 
judged  from  careful  observation.  The  plants  of  the  selected 
cultures,  without  being  removed  from  the  cork  stopi>ers  in  which 
they  were  mounted,  were  then  taken  from  the  three-salt  solutions, 
the  loots  were  varied  by  caiefully  dipping  thent  seveial  times  bito 
distiUed  water,  allowed  to  drain,  and  were  then  placed  m  the 
nutrient  sohitions  devised  by  the  various  authors.  The  glass  jars 
to  ^ch  the  plants  were  transferred  were  like  those  from  which 
they  were  removed.  Each  jar  bad  a  capacity  of  900  cc. 

The  foxmuJae  of  the  nutrient  sohitions  devised  by  the  vazious 
authcnrs  are  given  m  tables  I  and  II  in  terms  of  nfram-molecules  per 
liter.  The  solutions  made  up  according  to  the  formulae  m  table  I 
were  conected  to  a  total  osmotic  concentration  value  of  approxi- 
mately 1.75  atmospheres  by  the  method  of  the  freezing  point 
lowering,  while  those  prepared  according  to  the  formulae  in  table  II 
were  similarly  corrected  to  an  approximate  osmotic  concentration 
value  of  1. 00  atmosphere.  No  iron  was  added  to  any  of  these 
solutions,  cxcej^t  to  those  for  which  this  element  is  mentioned  in 
the  fonnulae.  The  solutions  devised  l)\  J^frnet?  and  I.ucaxus  (i), 
Crone  (2),  and  S  \c  ns  (13)  contained  pn»(  ipitates.  In  making  the 
cryoscopic  tests  for  the  total  osmotic  concentration  values  of  the:>e 
solutions  the  precipitates  were  allowed  to  settle,  after  which 
samples  of  the  supernatant  >olutions  were  drawn  olT  by  means  of  a 
pipette,  the  lowerinsx  o[  the  freezing  points  determined,  and  the 
corrections  made  whenever  necessar>'. 
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The  initial  H  ion  concentrations  of  the  nutrient  solutions 
were  determined  immediately  before  bringing  the  plant  roots  in 
coiiUia  wiih  them.  H  ion  measurements  were  then  repeated  for 
each  solution  throughout  a  tmie  period  of  lilt\-two  liuur>,  during 
which  the  solutions  remained  in  contact  with  the  roots  of  the 
growing  wheat  plants.  Nine  tests  were  made  of  each  solution 

TABLE  II 

FOSMULAE  or  SOME  LmNCSTON-TOTTINCHAlt  (»)  THUUE-SALT  JfUTUEKT  SOLtmoNS  (TWES  I-VI) 

AMD  orTonnraBAii's  (sa)  Muimoiim  TaR^  ahs  TiRaC|  aKHnmo  (Jombs  and  SmvB  ^  n 

suBSTmrnNG  AMMONnm  suu>hate  ro»  potassium  NmtATE  iv  rom'ALRVT  oswonc  concen- 

TKAHOMS;  AiX  SOX.CTIOMS  BAD  TOTAL  OSMOTIC  CONCENTBATION  VALUE  Ot  APPBOXXMATEIX 

iMiUMoanuaui 


Num- 
ber 

Volmae-mokscular  partial  conccntretiow 

KHJ>0, 

KNOb 

HgSO, 

K.SO. 

UvtaistMi'Tbttla^MB  thfw  wtt  mil  It  hi 

I. 
11. 

m. 

IV. 
V. 
VL 

RjS. 
R.S, 

0.0073 

0.004^ 

O.O0I7 

0.0072 

0.0094 

R4S. 

o.oois 
0.0019 

0.0099 

0.0074 

R«S. 

0.0OS7 

0.0076 

0.0015 

0.0074 

0.0098 
0.0047 

K,S,. 

T.R.C, 
T.RjC, 

o.ooM 

0.0047 

■     >  ■ 



0.003I 
O.OOlt 

0.007a 
0.0095 

0.0071 
O.OOM 

0.0014 

o.ao«* 

during  this  period  of  contact.  The  small  quantities  of  sdhidons 
withdiavn  from  the  culture  jars  for  the  puipose  of  making  tests 
were  not  replaced,  since  onW  about  2CC.  of  solution  was  required 
for  each  detemiination.  The  H  ion  concentrations  were  deter^ 
mined  by  the  colorimetric  method,  using  the  double  tube  color 
standards  described  by  Gn.LEsnrE  (4). 

The  fonnulae  of  the  three-salt  solutions  given  in  table  II  were 
selected  from  series  of  the  si.x  t\  pc-solutions  proposed  by  Livingston 
and  ToTTiNGHAM  fg).  One  solution  was  selected  from  crich  of 
sLx  series  to  represent  the  sLx  dilTerent  t>-pes.^    The  table  also 

'  A  detailed  descriptka  of  these  ^  type  solutions,  together  with  directions  for 
their  preparation,  may  be  found  in  ft  "ptea  for  ooopenUive  rtaearch  on  tlie  reqmie- 

ments  of  rejircscntali\ c  uf^rii  ulf ural  plants  prfp.irwl  for  a  s{x?cial  commit?  !  "f  the 
Dis  isioa  of  Biolo^  aod  A^culture  of  the  Natiooal  Resouxh  CoundL"  £dited 
by  B.  E.  LxviMGSioM,  Bdtimae.  1919. 
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contains  the  formulae  of  Totiingeam's  (i8)  solutions  TtRtQ  and 
T,RjC5  modified  (JoNES  and  SmvB  6)  by  substituting  ammonium 
sulphate  for  the  potassium  nitrate  in  equivalent  osmotic  am* 
centrations.  It  has  previously  been  shown  (6)  that  in  the  ToTTIMO- 
HAM  solutions  when  thus  modified,  the  direction  of  the  reaction 
change  induced  by  contact  with  the  roots  of  young  wheat  plants 
is  usually  the  exact  opposite  of  that  in  the  unmodified  solutions. 
It  was  because  of  this  fact,  and  also  because  these  modified  solutions 
are  capable  of  producing  excellent  growth  of  young  wheat  plants, 
that  they  were  included  in  the  ej^nment. 

Discussion 

The  initial  Ph  values  of  tlie  nutrient  solutions,  the  formulae 
of  whidi  axe  given  in  table  I,  and  the  Pr  values  detemdned  at 
intervals  during  the  period  of  fifty-two  houis  thioughont  which  the 
sohitSons  remained  in  contact  with  the  plant  roots,  are  given  in 
table  m.  It  ivill  be  observed  Iran  the  daU  of  this  table  that  the 

TABLE  m 

Fa  VALUES  or  NVTKIENT  SOLUTIONS  DEXCKIONED  AT  INTERVALS  DUftUtG  COKTACT 

wm  Boon  ov  omiwimo  wheat  nAins 


VALOM 

INI- 

rua. 

Dantion  of  intervab  in  boun 

« 

4 

6 

«  J 

a4  S 

30  5 

is 

s> 

BimerandLucanus, . . 

4  3 

4  5 

4.6 

4-7 

48 

50 

SO 

5  » 

S-a 

55 

Cr  roQC •  ■■*•»*•»*•••■ 

6.6 

6.7 

6.6 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.6 

Detmer   

4-7 

4.8 

4  9 

50 

5  a 

56 

56 

57 

5-7 

5  9 

Aatwdl,  Whcder,  and 

40 

40 

41 

4  5 

4-4 

4  7 

4.7 

50 

S3 

S-7 

46 

4.7 

4.8 

50 

SI 

5-3 

5-3 

5-4 

5-5 

5-7 

4-7 

4  7 

4-9 

5' 

5  i 

5  5 

.S  5 

.SO 

5  ■  7 

58 

Sachs  

6.7 

6.8 

6.6 

6.5 

OS 

6-5 

6.5 

6.5 

6.5 

6.6 

Schimper  

4.8 

4  9 

5  » 

5-3 

5  4 

5-7 

5  7 

S.8 

5  9 

6.1 

SchrciDi-r  and  Skinner.. 

4  a 

4-2 

4  4 

4  4 

46 

5  4 

5-5 

5  7 

5  9 

6.1 

Shive,  kjC«.  

4  5 

4.6 

4.6 

4.6 

4-7 

4.8 

4.8 

50 

51 

S3 

ToUcns 

4  " 

4  7 

4  0 

5  I 

51 

5  5 

5-5 

5-6 

5  9 

5-9 

ToUinsham^  T^C*. . 

4.6 

4-7 

4.8 

4-9 

50 

5.2 

J. a 

S.J 

5.4 

5.5 

initial  Ph  values  of  only  two  of  these  solutions  are  close  to  the 
neutral  point.  Crone's  (a)  solution  has  an  initial  Pn  value  of  6.6, 
and  Sachs's  (13)  solution  has  a  corresponding  initial  value  of  6.7. 
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The  initial  Ph  values  of  all  the  other  solutkms  range  between  4jo 

and  4.S. 

The  Ph  values  of  Crone's  and  of  Sachs's  solutions  remained 
practically  unaltered  during  the  entire  period  of  contact  with  the 
plant  roots.  This  is  probably  what  might  be  expected,  since  the 
initial  Ph  values  of  IIkso  solutions  lie  close  to  the  neutral  point, 
and  since  the  maximum  reaction  change  which  the  wheat  plants 
arc  capable  of  producing  in  any  of  the  solutions  whose  formulae 
a]>pear  in  table  I  finally  brinsrs  the  II  ion  concentrations  of  these 
solutions  very  close  to  this  point,  either  shghth-  below  or  slif^htly 
above  a  Ph  value  o£  7.0,  regardless  of  the  initial  H  ion  concentrations 
of  the  solutions. 

The  various  solutions  exhibit  marked  dilTcrences  in  the  rates 
of  reaction  change  in  contact  with  the  ]ilant  roots  under  similar 
experimental  conditions.  Of  the  solutions  witli  initial  1*h  values 
below  5.0,  SmvE's  solution  R,Ca  exhibited  the  highest  resistance 
to  reactiotn  change,  while  Tottinoraii's  solution  T3R.C4  showed 
only  slightly  lower  buffer  properties  as  indicated  by  resistance  to 
leaction  change  produced  by  the  plants  during  the  fifty-two  hour 
period  of  contact.  On  the  same  basis  the  solutions  of  Schseiner 
and  Seemner  (16),  and  of  Hartwbll,  Wheeler,  and  Pember  (5) 
possess  relatively  low  buffer  properties.  With  respect  to  the  solu- 
tions here  considered,  it  appears  in  general  that  the  resistance 
offered  to  reaction  change  resulting  from  contact  with  the  roots 
of  growing  plants  is  dependent  largely  upon  the  voliune-molecular 
proportions  of  the  soluble  phosphate  salts  contained  in  the  solu- 
tions. Thus  Shive's  solution  RjCj.  which  contains  the  highest 
proportion  of  dihydrogen  pota^um  phosphate,  exhibited  the 
highest  buffer  properties.  This  is  in  entire  accord  with  the  obser\'a- 
tions  of  McCai.i.  and  Haag  (10),  and  of  Meler  and  Halstead  (h). 
Ill  the  present  e.v{)(.-riment,  however,  there  is  one  striking  exception 
to  this  general  rule  as  exhibited  by  the  solution  of  Birner  and 
LucAXUS  (i),  which  has  a  volume-molecular  proportion  of  di- 
hydrogen potassium  phosphate  equal  to  that  in  ToxxiNGHAM'fi 
solution  TjRiQ,  and  about  two  and  one-half  tunes  hipher  than  that 
in  Knop's  (7)  solution  or  in  Pfeffkk's  (12)  soluuon,  yet  these 
solutions  showed  a  higher  rc&istance  to  reaction  change  as  indu- 
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enced  by  the  growing  wlieat  plants  than  did  the  solution  ot  Birner 
and  LucANus.  These  comparisons,  of  couise,  are  made  upon  the 
assumption  that  the  plants  in  all  the  cultuzes  were  appreximatdy 
equal  with  respect  to  their  ability  to  cause  reaction  change. 

The  Ph  values  recorded  in  table  TV  were  determined  in  the 
same  manner  and  at  the  same  intervals  during  the  same  time 
period  as  were  those  given  in  table  III.  The  initial  H  ion  con- 
centrations of  the  LrviNGSTON-ToTTrNGiLVM  (9)  solutions  contain- 
ing dihydrogen  potassimn  phosphate  are  always  much  lower  than 

TABLE  IV 


Pa  VALUES  Ot  KUTXIXyT  SOLUTIONS  DKTBKMmXD  AT  IMXBBVAU  DUKOTO  CONTACT 
WITH  KOOTS  QV  GSOWINO  WHEAT  VLANTS 


?i,  vitum 

Duntion  of  Intervah  in  hours 

Ini- 

Tm 

tial 

4 

6 

8  S 

»4  5 

»7 

30.5 

33 

s» 

Uviatdtoa-TottiBclnai  duMwIt  tolntioiM 

I. 

R,S,  

4.6 

4-7 

4.8 

50 

51 

5-4 

5  4 

5  5 

56 

5  7 

n. 

R,S,  

3  J< 

38 

4.0 

41 

4  3 

4-4 

4.5 

SO 

5  3 

58 

m. 

R.S.  

36 

36 

3  7 

3  9 

4.0 

4-3 

4 

4  6 

4.S 

5-6 

IV. 

R4S,  

3  7 

38 

3  9 

40 

41 

4  3 

4  3 

4-5 

4-7 

5  6 

V. 

RjS^» 

36 

36 

3-7 

3.8 

4  3 

4  3 

4  3 

4  4 

5  4 

VI. 

^C^fSt* » • « •  •  *  • 

4-3 

4-7 

4-7 

4.9 

5.0 

S-a 

S.a 

5  3 

S-4 

5.6 

T.R.C,  

48 

4  9 

4  9 

SO 

50 

4  7 

4.6 

4.6 

4.6 

A-9 

4.8 

4  9 

4  9 

50 

4  9 

4-6 

4-4 

44 

4  4 

4  a 

are  those  containing  the  conesponding  calcium  or  magnesium 
salts.   This  fact  is  more  certainly  brought  out  by  McCall  and 

Haag's  fio)  tabic  of  Pii  values  determined  for  six  complete  scries 
of  the  LlviN(;sTON-ToTTlNGHAM  type-solutions  described  in  a 
publication  (8)  prepared  for  a  special  committee  of  the  Division  of 
Biology  and  Agriculture  of  the  National  Research  (^ouncil. 

Mention  should  be  made  of  the  fact  that  the  initial  Pn  values 
of  the  solutions  here  chosen  as  rei^resentativcs  of  types  III,  IV,  V, 
and  VI,  as  givi-n  in  table  i  \  ,  arc  not  in  very  close  agreement  with 
those  determined  for  the  same  solutions  by  McCall  and  IIaag. 
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The  imttal  Ph  values  of  these  sohitjcms  in  the  ocder 
3*6»  3>7f  3-6>  4.3,  while  McCall  and  Haag's  vahies  are  4,1, 4.1, 
4.3,  and  4.7  in  the  same  order.  Disagreements  of  this  kind  are 
to  be  expected,  of  course,  because  of  the  different  methods  cniq>lo3red 
in  detemuning  the  Ph  values  and  in  the  preparation  of  the  solutions, 
variations  in  the  degree  of  purity  of  the  salts  used,  differences  In 
the  temperatures  of  the  solutions  at  the  time  when  the  measure- 
rr  onts  are  made,  etc.  A  good  example  of  such  discrepancies  app>ears 
in  the  Pn  values  of  a  series  of  the  Livintsthn-Tottingham  solu- 
tions of  type  I  as  determined  by  McCm  i  aii  l  H.\AG  and  by  Meier 
and  Halstead.  These  authors  do  not  agree  upon  a  sincrlc  solution 
of  a  complete  series  of  twenty-one,  the  \  a  lues  determined  by  the 
latter  authors  always  bemg  considerably  but  unilonniy  higher  than 
those  determined  by  the  fonner. 

It  will  be  observed  from  the  data  of  table  I\'  that  the  maximum 
reaction  changes  produced  by  the  plants  during  the  lifty-two 
hour  period  of  contact  with  the  Livingston>Tottingham  solu- 
tions with  knr  initial  Ph  values  are  ahmys  omsiderably  greater 
than  are  the  oonespanding  changes  in  the  aohttions  with  higher 
initial  Pr  values,  since  the  final  Ph  vahies  of  all  these  solutioiis 
show  no  very  marked  differences.  Eiperience  with  these  type- 
solutions  has  shown  that  the  mannram  reaction  changes  whidi 
young  wheat  plants  are  capable  of  producing  in  them  finally 
ahvays  brings  the  Ph  vahies  of  the  sohitions  very  dose  to  the 
neutial  point,  regardless  of  the  initial  Ph  values,  althougli  the 
time  required  to  accomplish  this  may  vary  considerably  with  the 
diffemt  solutions,  owing  to  differences  in  their  buffer  properties. 

As  has  previously  been  shown  (6),  the  direction  of  the  reaction 
changes  of  the  modified  Tomxr.nAM  sohitions  during  contact 
with  the  roots  of  the  young  wheat  plants  is  usually  the  opposite 
of  that  of  the  LmNTGSTONr-ToTTiNGiiAM  solutions  ami  of  the 
unmodified  T<)THN(;ham  (18)  solutions  under  similar  conditions. 
It  will  be  observed,  however,  that  the  maximum  reaction  changes 
produced  in  these  solutions  by  the  plants  during  tiie  fifty-two 
hour  period  of  contact  are  not  very  great,  the  change  in  the  H  ion 
concentration  of  both  solutions  here  considered  being  from  Ph=4.8 
to  Ph  =  4.2.  although  tlie  tot<d  osmotic  concentration  value  of 
these  solutions  is  only  i.o  atmosphere. 
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Experience  with  twenty  representative  solutions  of  Totting- 
ham's  (  i8)  complete  series  of  eighty-four»  modified  as  here  described 
by  substituting  ammonium  sulphate  for  the  potassium  nitrate  in 
equivalent  osmotic  concentrations,  has  shown  that  the  Ph  values 
of  these  solutions  are  not  greatly  altered  by  contact  with  the  roots 
of  >oiin'^  wheat  plants  between  the  ages  of  fcnir  and  five  weeks, 
the  tendency  always  being  toward  a  sbVht  in  reasc  in  the  H  ion 
concentration  of  the  solutions  duriiig  gnjwth  intervals  of  three  or 
four  days  without  renewal  of  the  solutions.  It  Ls  thus  easily  seen 
that  for  certain  t}pes  of  culture  studies  in  which  it  is  desirable 
to  maiuUiia  th'  H  ion  concentrations  of  the  nutrient  media  within 
comparatively  narrow  variation  limits,  solutions  of  this  kind  possess 
marked  advantages  over  those  in  which  the  H  ion  concentrations 
are  rapidly  decreased  by  the  actioii  of  the  plants.  The  two  sohi* 
tions  (modified  Tottinohak  sohitioos  TtRxQ  and  TtR^Cj)  have 
the  added  advanuge  of  high  efficiency  in  the  production  of  young 
wheat  plants  when  iron  in  small  amounts  is  supplied  to  the  solutions 
in  an  insohible  foim  such  as  f enic  phosphate.  Sohible  iron  in  the 
fonn  of  fenous  sulphate,  even  in  smaU  tiaces,  has  been  shown  (6) 
to  be  eifieedingly  toxic  to  the  plants  grown  in  these  sohitioos. 

New  Jkiskt  AoMKOLWUd,  Expemantt  SvAtton 
Nsw  fiftomwicKp  N,J. 

LITERATURE  CITED 

t.  Bbmik,  H.,  snd  LuCANOs,  B.,  WaMcrkalturveniidie  mtt  Htfer  in  dcr 
Agric-Chem.  Venudntatioii  m  Regenwalde.  Landw.  Vcnuclnat. 

8:128  t;-.  1866. 

a.  Crone,  C,  Frf»ebnissc  von  l^ntersurhunpen  ttber  die  Wirkung  dcr  Fbos- 
phon&ure  auf  die  hdhere  Pdanzen  und  eine  neue  N&hrldsung.  Sitzungsber. 
Ndderriidn.  Ges.  Nat  und  Hdlk.  Bonn.  1902  (pp.  167-173). 

9.  DmnaaLt  W.,  Practical  plant  phyiialogy,  timnaiated  hy  S.  A.  Moon. 

London.  i8gS  (p.  3). 
4.  Gn.TF-srrF.,  L.  J.,  Colorimetrir  determination  of  hydrogen-ion  concpntra- 
tion  \\  ithout  huller  mixtures,  with  especial  reference  to  soils.   Soil  Science  ' 
9:115-136.  1920. 

S*  Haktwbu.,  B.  L.,  Wbbbles,  EL  J.,  and  FkMnn,  F.  R.,  The  effect  of  the 

addition  of  sodium  to  deficient  amounts  of  potassium  upon  tiu-  growth  of 
pl.int  s  in  both  water  and  sand  cultures.  Ann.  Report  Rhode  Island  A^nc 
Exp.  Sta.  20:299-357.  1907. 


400 


BOTANICAL  GAZBTTB 


|llA¥ 


6.  Jones,  L.  H..  and  Shive,  J.  W.,  The  effect  of  ammonium  sulphate  upon 
plants  in  niitriLnt  solutions  suppHcfl  with  ferric  phosphate  and  fccTOUS 
sulphate  as  source  oi  iron.    Jour.  Agric.  R^.  21:701-728.  1921. 

7.  Knop,  W.,  Quantitative-analyiische  Axbaten  Hbcr  den  "KrwMmtn^ 
procen  der  Pflaaaen.  n.  Landw.  Vetsudistt.  4:i73->t87.  x86a. 

8.  Livingston,  B.  E.,  A  plan  for  cooperative  research  on  the  salt  reqtii»> 
ments  of  representative  .n^cultuml  plants  prepared  for  a  special  com- 
mittee of  the  Division  ul  Biology  and  Agriculture  of  the  National  Research 
Council.  Baltimore.  1919. 

9.  LivzNOSTOK,  B.  E.,  and  TomNOHAM*  W.  E.,  A  new  threo^aalt  aolutkm  for 
plant  cultures.    Amer.  Jour.  Hot.  5:337-546.  igiS. 

xo.  McCall,  a.  G.,  and  Haac;,  J.  R.,  The  hydrogen  ion  concentration  of 
certain  three-salt  solutions  for  plants.    Soil  Science  10:481-485.  1020. 

II.  Mkikb,  II.  F.  A.,  and  Halstkai),  C.  E.,  llydrogeu-iuu  coacentratioQ 
idatiaiiB  in  a  tlnee^t  solution.  Soil  Sdcnoe  xx:395'*350.  1941. 

ta.  PfEFFER,  W.,  Tht  piqniologsr  of  plaats»  translated  by  A.  J.  Ewakt, 
1:420.  Oxford.  TQoo. 

13.  Sachs,  J.,  Vegetationsversuche  mit  Ausschluss  des  Bo<lcns  iiber  die 
Nahrsitolle  und  sonstigen  Ernahrungsbedingungen  von  Mais,  Bohnen, 
iind  andocn  Fflanaen.  Landw.  VemidiaBt.  a:ax9-a68.  x86a 

14.  ScBDiFn,  A.  F.  W.,  Zur  Fnige  der  Assimilatkm  der  Mineralialae  dwdi 
die  griine  Pflanze.    Flora  73 : 207-26 1 .  iSuo, 

15.  SmvE,  J.  W.,  A  study  of  physiological  balance  in  nutcient  media.  PhysioL 
Res.  x:327-397-  191 S- 

x<b  ScHBEiNER,  0.,  and  SnNMXs,  J.  J.,  Ratio  of  plwsphatc,  mtnte,  and 
potsisliwn  on  ahaorption  and  growth.  Bor.  Gas.  5o:x-3a  1910. 

17.  ToLLENs,  B.,  t)ber  einige  Erlidbteningen  bd  det  Kultur  von  Pflanaen  in 
wMsserigen  L5sungen.   Join-.  Landw.  30:537-540.  1882. 

18.  Tothnghau,  W.  A  qiiantitativc  chemical  and  physiological  study  of 
nutrient  lolutians  for  plant  cultuzcs.  PbyaioL  Res.  1:133-245.  1914. 


Digitized  by  Coogle 


SULPHUR   AND   NITROUi:.\    COXTENT   OF  ALFALFA 
GROWN  UNDER  \  ARIOUS  CONDITIONS 


CONTKIBUTIONS  F&OM  THE  HULL  BOTANICAL  LABOSATORY 

E.  H.  Hall 

Introductloii 

\'arious  investigators  show  a  considerable  variation  in  the 
analyses  of  the  sulphur  content  of  alfalfa,  as  well  as  in  the  proportion 
of  organic  and  inorganic  sulphur  in  the  crop.  It  was  thoui^t  wdl 
to  analyze  alfalfa  from  a  niunber  of  selected  places  to  see  to  what 
d^giee  these  variations  coold  be  explained  by  different  souzces  of 
the  crop,  and  to  what  degree  by  the  personal  factor  of  applying  the 
none  too  reliable  fusion  methods,  which  probably  always  mvolve 
more  or  less  volatilization  and  loss  of  sulphur.  The  veiy  extensive 
Oregon  work  (xz)  has  shown  that  the  acie  yield  of  alfklfa  is  enor- 
mauBfy  increased  on  tibeir  plats  by  the  appScalion  of  any  su^ur 
source,  and  that  on  the  fertilised  plats  the  alfalfa  contains  a  very 
much  higher  percentage  of  protein.  Determinations  were  made  in 
each  sample  of  the  total  and  nitrate  nitrogen  in  Older  to  ascertain 
whether  there  is  any  correlation  between  the  su^hur  and  nitio^ 
content  of  alfalfa  from  the  various  sources. 

It  has  been  long  cstablishcrl  that  sulphur  is  one  of  the  ten 
esscnti;il  (  laments  for  the  growth  of  plants.  This  is  easy  to  under- 
stand \'.  hen  one  recognizes  that  suljihur  is  an  essential  building 
material  for  all  plant  proteins,  as  well  as  for  various  odor  and  flavor 
protlucing  organic  compounds  found  in  members  of  the  mustard 
family,  onions,  etc.  While  much  of  the  sulphur  in  plants  i.>  lound 
in  the  fonn  of  these  organic  compounds,  there  is  also' some  inorganic 
or  sulphate  sulphur  present.  The  latter  is  generall>  considered 
an  excess  of  absorption  of  sulphur  over  its  utilization.  It  may  be, 
however,  that  some  free  sulphate  sulphur  must  be  present  as  a 
building  material  in  order  to  insure  maximum  protem  synthesis 
and  "***i*n"^  growth.  ScaEaxz  found  that  in  the  older  leaves  of 
Ccleus  Blmmei  some  free  nitcate  must  be  present  as  a  building 
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statcEial  in  order  to  prevent  the  decomposition  of  organic  nitrogen 
compotmds — ^proteins,  chlorophyll,  phosphol^nnes,  etc.  A  aimilar 
situation  may  hold  in  alfalfa  for  sulphate  as  a  sulphur  source. 

On  the  basis  of  Wolff's  old  ash  analyses  of  crop  materials, 
agricultural  scientists  came  to  assume  that  so  little  sulphur  was 
used  by  crops  that  there  was  no  dnuht  that  all  soils  furnished  an 
abundance  of  this  material.  The  magnitude  of  error  likely  to 
appear  in  the  ashing  method  is  well  illustrated  by  the  fact  that 
Wolff's  analyses  showed  that  one  hundred  bushels  of  corn  contain 
0.2  lb.  of  sulphur,  while  analyses  of  the  modern  fusion  methods 
show  at  least  8.5  lb.  or  42.5  times  as  mucJi  (2).  Ashing  seems  to 
drive  practically  all  of  the  organic  sulphur  oH  into  ihc  air,  and 
determines  only  the  small  amount  of  sulphur  existing  in  the 
inoigaiiic  foim. 

The  use  of  the  f usioii  method  (7)  of  determimiig  the  sulphur 
content  of  crops  has  quite  changed  the  situation  by  showing  that 
sH  crops  are  considerable  users  of  sulphur,  and  some  crops  vcty 
heavy  consumeis  of  su^hur.  This  fact,  together  mth  the  general 
low  percentage  of  sulphur  in  soils  and  the  large  losses  of  sulphur 
from  soils  by  leaching,  has  shown  that  the  question  of  sulphur 
supply  to  crops  needs  serious  consideratL<HL  Tlie  Oregon  (11)  and 
Washington  (9, 14)  stations  have  shown  beyond  doubt  that  alfalfa 
cannot  be  grown  successfully  00  many  lands  of  those  states  without 
the  addition  of  a  sulphur  source.  They  commonly  get  increased 
tonnage  amounting  from  100  to  500  per  cent  by  the  use  of  gypsum 
or  other  sulphur  sowces.  The  protein  content  of  the  hay  is  also 
incTcascd  almost  2  per  cent  in  some  cases  by  the  use  of  sulphur 
fertilizers.  From  these  facts  it  seenis  probable  that  the  marked 
benefit-  rcf  ei\e(l  from  the  use  of  land  plaster  on  legumes  and  other 
high  :  uljjhur-using  crops  in  eastern  United  States  and  England 
during  ihc  last  "150  years  are  due  to  gypsum  furnishing  an.  excellent 
sulphur  source  (3). 

Hart  and  Peterson  (5  )  of  W  isconsin.  Brown  and  KELLociG 
(2)  of  Iowa,  and  Shedd  (12)  of  Kentucky  have  all  emphasized  the 
fact  that  a  permanent  fertilit)  s)  stem  must  look,  after  the  sulphur 
supply  of  the  soil  as  well  as  the  so-called  three  fertilizer  elements — • 
nitrogen,  potash,  and  phosphorus.  Recent  wolk  u  indtfating  that 
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the  same  is  true  of  calcium,  and  some  suggest  that  the  same  may 
sometimes  he  trae  for  magnesium..  It  is  not  within  the  scope  of 
this  paper  to  give  a  full  discussion  ut  the  present  status  of  the 
sulphur  fertilization  problems  in  the  United  States.  For  a  critical 
discussion  of  this  problem  the  reader  is  referred  to  a  paper  recently 
written  by  Crocker  (3). 

Metliods 

In  Older  to  study  the  cfaemical  compoutiafi  ol  hay  produced  ia  • 
vadous  loca]ities»  samples  were  secured  from  three  differeat  states* 
Kansas,  HUnois,  and  Missouri.  So  far  as  it  was  possible,  these 
aampies  were  taken  from  several  different  places  in  the  mow. 
This  may  not  have  constituted  so  good  a  representative  sample  as 
onild  have  been  secured  from  the  field,  but  it  was  the  best  that 
could  be  obtained  under  the  circumstances.  The  samples  were 
dried  for  some  time  in  the  laboratoiy  and  then  finely  ground  and 
the  moisture  determined.  The  samples  aggregated  about  100  gm. 
of  the  finely  ground  material.  Aliquots  of  these  samplffft  were 
used  for  all  the  determinations.  Table  I  gi\  es  a  list  of  the  samples, 
and,  so  far  as  possible,  the        of  soils  and  locality  from  which 


TABLE  I 


Sftinple 

Locality 

Soil  typ* 

Cnp 

1  

rirrl(\i!le,  Nfissouri 
iMeadvilli-,  .Mi:*souri 
Brookfielil,  Missouri 
Horton,  Kansas 
Horton,  Kansas 
Emporia,  Kansas 
Emporia,  Kansas 
Pratt,  Kansas 
Paris,  lUinob 

Alfalfa 

Alfalfa 

Sweet  clover 

Alfalfa 

Alfalfa 

.\lfa!fa 

.\lfalfa 

Alfalfa 

AUaUa 

2  

3  

4  

s  

6  

7  

8 

Grundy  silt  loam 
Shelby  lo;iin 
Silt  loam 
Brovrn  silt  loam 

Silt  loam 
-Silt  loam 

9  

Brown  &Ut  loam 

they  were  taken.  The  following  facts  are  necessary  for  a  complete 
under>tan<ling  of  the  table.  The  saiuplcs  taken  from  Missouri 
were  from  farnii  that  had  never  been  under  aUalfa  cultivation 
until  the  last  two  years.  The  sweet  clover  had  been  harvested 
but  once  and  was  purely  an  experimental  crop.  The  samples 
taken  from  Kansas  were  from  some  of  the  oldest  and  best  alfolf a 
fields  in  the  state.  Some  of  these  fieUs  had  produced  maT^mtim 
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crops  for  the  past  twelve  years.  Particular  attention  must  be  givoi 
to  the  samples  from  Paris,  Illinois.  Part  of  this  field  had  been  an 
old  orchard  where  alfalfa  had  never  been  grown  before.  \Mien 
the  hay  was  ready  to  Ije  harv  ested,  parts  of  the  field  showed  a  ditTcr- 
ence  in  color,  some  being  yellow  and  others  being  dark  green. 
These  samples  when  analyzed  showed  a  marked  chemical  difiereace, 
as  shown  in  the  tables. 

Several  meth(Kls  of  sul]:)hur  determinations  were  tried  before 
satisfactory-  results  warranted  the  adoption  of  any  particular  one. 
The  peroxide  method  as  described  in  the  Agrit.uliural  Chemists 
BuUetin  no.  107  was  liiiaUy  adopted.  The  ()sl)oru  method  caused 
a  great  deal  of  trouble  by  the  igniting  or  foaming  over  of  the  material 
near  tbe  completioii  of  the  first  fusion.  This  may  have  been  due 
to  too  rapid  heatbig  of  the  crndble.  TliiB  difficulty  was  better 
controlled  in  the  official  method  because  of  the  presence  of  sodium 
carbonate,  which  slowed  down  the  reaction.  The  carbonate  also 
caused  some  trouble  at  first  in  removing  the  residue  from  the 
cnidble.  This,  however,  was  overcome  by  aUowing  a  small  stream 
of  water  to  play  on  the  residue  after  it  had  cooled  just  enough  to 
prevent  spattering.  When  the  crucible  was  filled  with  water  the 
material  came  out  very  easily.  This  treatment  ruined  the  crucible 
in  a  very  short  time,  but  it  shortened  the  process  considecabh'. 

There  were  two  distinct  crucial  periods  in  the  process.  The 
first  was  when  the  sodium  peroxide  began  to  break  down  the 
material  and  ammonia  was  being  liberated.  This  was  the  most 
critical  because  of  the  Hashing  which  caused  the  loss  of  many 
determinations.  Samples  varied  con5idcrrd)l\'  in  the  fla^^hinc, 
perhaps  owing  to  the  diiTerent  amounts  ut  nitrate  present.  The 
second  critical  point  ocmrred  in  the  slow  heating  after  the  addition 
of  the  hrst  to  ltti.  of  jKroxide.  The  flame  had  to  be  regulated  and 
the  stirring  mj  constant  that  the  reaction  did  not  become  violent 
enough  to  burn  up  the  sample  or  cause  it  to  foam  over  the  top. 
When  these  condition>  were  carefully  controlled,  the  solutions 
were  clear  when  neutralized,  and  the  results  obtained  from  a  series 
of  duphcate  samples  agreed  as  well  as  could  be  expected. 

The  dry  fusion  method  is  severely  criticized  by  Koch  (Stock- 
HOLM  15)  because  not  all  the  sulphur  is  secured  by  this  method. 
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He  states  that  in  any  dry  fusion  method  there  is  some  sulphur 
being  lost  in  the  fumes  no  matter  how  carcfulh'  the  fusion  is  made. 
No  ex])eriment.s  were  made  to  test  this  statement,  but  the  variation 
in  results  obtained  from  a  number  of  analyses  of  the  same  sample 
leads  one  to  believe  that  even  with  th*  (jtiicial  method  some  of  the 
sulphur  is  not  secure.  It  seems  proljable  that  in  all  determinations 
of  the  sulphur  content  of  plant  materiaLi  to  date,  the  results  are 
low  because  of  the  loss  of  sulphur  in  fusion.  Some  difficulty  was 
experienced  in  controlling  tlie  fusion  so  as  to  prevent  the  reaction 
proceeding  too  rapidly.  If  the  reaction  becomes  too  %  iolent,  smoke 
is  evolved  in  considerable  quantities,  and  results  obtained  under 
these  conditions  are  uniformly  higher  than  tbofte  obtained  when 
the  fusion  takes  phce  at  a  moderate  rate.  At  first  the  samples 
were  considered  lost  although  no  flashing  took  place,  but  later 
these  samples  were  saved,  and  in  every  case  showed  a  higher  value 
than  those  that  were  controlled  perfectly,  and  agreed  very  closely 
In  the  final  result.  The  rate  of  fusion  may  have  a  great  deal  to 
do  with  the  amount  secured  from  the  sample.  This  point  will  be 
studied  more  extensively  later.  The  evidence  is  that  all  the  sulphur 
was  not  being  obtained  from  the  samples.  Koch  advocates  the 
use  of  perhydxo,  a  very  concentrated  hydrogen  peroxide,  in  the 
determination  of  sulphur,  but  unfortunately  this  substance  ha»  not 
been  on  the  market  since  the  war,  as  Germany  was  the  sole  manu- 
facturer. Olson  (8)  used  the  Parr  bomb,  and,  when  certain  precau- 
tions are  followed,  claimed  for  it  advantages  in  speed  and  in 
assurance  against  losses  of  sulphur.  Modiiication  of  the  method 
is  reported  in  connection  with  more  recent  determinations  (9,  10). 

All  the  determinations  were  made  on  the  air  dry  material, 
and  the  percentage  of  sulphur  calculated  to  the  oven  dry  weight 
as  follows: 

Number  of  j^mms  in  aliquot   1.25  t  2- 

VVcight  of  Bai>04  obtained   0.0328  gm.    0.0329  gm. 

Fetceatage  of  sulphur  in  BaSQi        13  .73   

PeioetttsgBoCiiM^sturein  sami^...   5.6a  5.82 
Pefoentage  of  sulphur  In  lample.  —   o.  382         o.  38a 

The  Benedict  method  (4)  was  tried,  but  proved  very  unsatis- 
factory because  of  the  extreme  tendency  of  the  material  to  sputter 
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at  the  time  of  fusion.  This  method  is  hiphly  recommended  by  its 
author  to  give  very  close  checks,  even  ilu)UKh  they  are  lower  thaa 
those  of  the  peroxide  method.  Benedict  attributes  these  high 
results  in  the  peroxide  methcxl  lo  silica,  which  is  entirely  lacking 
in  his  method.  The  writer  experienced  no  trouble  with  .siliui  in 
using  tlie  official  method,  for  at  no  time  was  strong  alkali  allowed  to 
stand  in  contact  with  glass  without  being  neutralized.  The  ease 
with  which  the  mateiiai  was  removed  facilitated  quick  neutraliza> 
tion.  Tliere  was  never  a  weii^liable  amount  of  silica  found  in  the 
solution. 

Sulphate  sulflmr  delerminatlmiB 

The  method  of  determining  sulphate  sulphur  was  the  same  as 
that  used  by  Ames  (z).  Five  grams  of  the  dry  material  mixed  with 
one  per  cent  of  hydzodiloiic  add  woe  shaken  In  the  merhaniral 
shaker  for  tfaiee  hours.  The  solution  was  fiHeicd  and  an  ahnuot 
of  2  .5  gm.  taken.  This  was  then  treated  with  baiium  chloiide 
and  precipiution  allowed  to  take  phice  m  the  cold.  After  standhig 
for  at  least  f orty-ei{^t  hours  the  suliihates  woe  detamiiied  in  the 
usual  way.  The  averages  of  the  determinations  are  given  in  table  n. 


TABLE  n 


Simple 
no. 

Wcixht 
BaSO, 

Total 

PeroenlMC 

Petcenuse 
•ulplMte 

Total 

1 

Circlevilie,  Missouri  (5  gm.) 

7  5S 
7-59 

0.1304 
0.1320 
0.  xm6 

o.ias4 
0.1362 

0.0179 
0.0183 
O.oiSj 
0.0I7I 
0.0173 

0.387 
0.397 

o.37« 
0.373 
0.37s 

O.OI 
O.OI 

a. 41 
a. 43 

0  01 

O.OI 

4  

5  

I  

EmiHiria,  Kansas  (1.^5  gm.) 

5.8, 
S.Sa 

0  0348 
0.0369 
0.0328 

0  0,5  7  r 

0.0047 
0.0050 

0.0045 

0.0045 

0  00  51 

0  40s 

0  4. '4 
0.382 
0.383 

0  4  -?: 

0  013 

0.012 

2.32 
t.ji 

4  

s  
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TABLE  U— CoDtiiuwd 


Percentage 

Percentace 
sdphv 

1  

Brookfield,  Missouri 

8  57 
8.43 

0.0354 
0.0337 
0.0JI9 

0.0048 

0.0045 
0.0044 

0  4'\S 
0.390 
0.383 

0.034 
0.037 

2.09 
1.97 

O.OI 
O.OI 

I  

UortoQ,  KaoMs 

7 -35 
7.27 

0.0430 
0.0476 

0.0419 

O.OOS9 
0.0065 
0.0059 

0.508 
0.563 
0.507 

0.038 
0.044 

2  95 
3.85 

o.or$ 
0.013 

3  

8  45 
8-54 

0.0365 
0.0310 
0.0369 

0.005s 

0.0041 
0.0051 

0.440 

0.374 
0.440 

0.09 

0.027 

3.66 

2.71 

o.or 

MetdviUe,  Missouri  (i . :>5  gm.) 

8.83 

0.0345 
0.^346 

0.0047 
0.0048 

0.408 
0.409 

0.03 
0.024 

2.39 
9.36 

Trace 

I  

Emporia,  Kansas 

8. II 
8.12 

0  0345 
0.0346 

0.0047 
0.0048 

0.413 
O.AIX 

0.04 

2  47 
a-44 

Tkaoe 

Pratt.  Kansas 

5.88 

0.0307 

0  0,^10 
0.0318 

0.0308 

0.0043 
0.0044 

0.0044 
o.oo4« 

0.358 
0  370 
0.370 
0.358 

O.OI3 
O.OII 

S.36 

Trace 

Paris,  BUnois  (greea  alialfa) 

7  oS 
7.13 

0  04  J  5 
0.0414 
0.0419 

0  0058 
0.0057 
0.0058 

0.503 
0.490 

0  495 

2.70 
a. 86 

Puil,  ilUnds  (yelkm  alial^ 

5.81 

5  04 

0.0331 

0  0376 

0.0045 

0  0045 

0.386 

0.380 

*.37 
«.54 
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Total  nitrogen 

Total  nitrogen  was  detennined  by  the  Arnold-Gunning  method 
as  modified  to  include  nitrate  nitrogen.  This  method  is  described 
by  Maiuews  (6). 

Ktjttate  nitrogea 

The  nitrate  nitrogen  was  determined  by  the  Schlesing- 
Wagner  method  as  modified  by  Koch.  The  method  is  described 
in  detail  by  Woo  (15)  in  his  chemical  study  of  Amaranthus.  To 
test  the  accuracy  of  this  method  a  five-tenths  per  cent  solution  of 
potassium  nitrate  was  used.  Theoretically,  2  cc.  oi  this  solution 
should  give  2  cc.  of  gas  calculated  to  standard  conditions. 
The  average  result  of  several  determinations  was  2.15  cc,  which 
was  about  q7  per  cent  of  the  calculated  amount.  The  precaution 
necessary-  to  insure  the  success  of  the  j)rocess  as  described  by 
Woo  is  that  aU  the  solutions  must  be  entirely  free  from  oxygen. 
The  presence  of  oxygen  tends  to  cut  down  liic  amount  oi  gas 
absorbed,  thus  causing  a  low  result. 

In  making  the  determinations,  aliquots  containing  5  gm.  of 
the  original  samples  were  extracted  widi  two  xoo  cc  of  water  for 
one-half  hour  ^ch.  This  extract  was  then  treated  with  lead 
acetate  to  precipitate  the  proteins  which  caused  much  trouble 
unless  removed.  The  samples  were  made  up  to  volume  of  350  cc 
and  filtered,  then  100  cc.  of  the  clear  solution  r^resentmg  s  gm.  of 
the  dry  material  was  concentrated  on  the  steam  bath  to  about 
90  cc  and  the  NO  gas  determined.  The  foUo|ring  represents  a 
determination  as  run  In  duplicate  from  a  sample: 


Aliquot  ^  in  cc.  (2  gm.) ...   100 

Tola!  volume  of  Ra?  evolved   i  -66  CC. 

VoIurnL' of  uiuibsorbol  gas   o.<;i  cc, 

Volurnc  of  absorbed  NO  gas   o.  75  cc 

Barometic  pressure  749. 7  mm.,  teii4>enitttte. .  94* 5 

Volume  at  standard  oondit ions   0.68  cc 

Equivalent  milligrams  of  KNO,   o. 0076 

i^quivalcnt  milligrams  of  NOj   0.P05 


Discttssl<m 

It  is  important  to  note  the  variation  in  the  su^hur  content  of 
the  hay  from  the  widely  separated  districts.  From  the  tabulated 
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results  it  will  be  seen  that  the  amount  of  sulphur  in  the  various 
haj's  analyzed  runs  from  7.4  to  1 1. 16  lbs.  per  ton  of  hay.  If  an  acre 
produces  from  5  to  8  tons  of  hay  annually,  37  to  90  lbs.  of  sulphur 
will  be  removed  from  each  acre  of  soil  each  year.  The  maximum 
figures  here  are  much  higher  than  those  of  Petersont,  because  of 
the  very  high  sulphur  content  o£  the  samples  from  Ivansas.  The 
anah'ses  of  the  samples  tiom  Missouri  and  Illinois  give  results 
that  agree  more  nearly  with  the  results  of  PETERSON'S  analyse 
of  alfalfa  from  Wibconsin. 

One  other  marked  deviation  from  the  results  reported  by 
Pete&son  is  seen  in  the  low  amount  of  sulphate  sulphur  obtained 
in  these  analyses.  He  found  that  the  xatio  of  the  organic  to 
inorganic  sulphur  ms  practical^  unity.  In  table  II  the  su^diate 
ffol^ur  in  no  case  exceeds  10  per  cent  ol  tlie  total  sulphur  in  tbe 
crop,  and  in  the  samples  taken  bom  Illinois  there  was  no  sulphate 
snlplnir.  On  the  avenge  for  all  analyses  the  su^bate  sulphur 
equals  4.35  per  cent  of  the  total  sulphur.  The  following  shows 
the  peicentage  of  the  sulphur  that  eiisted  hi  the  inofganic  fom  in 
the  aUaUa  collected  from  various  regions: 

Pucun 


Pfcris,  niinois  (r)   0.0 

Paris,  Illinois  (2)   o.o 

Circlevillf,  Missouri  ,   2.5 

Emporia,  Kansas  (1)   3.0 

Pifttt,  Ktums   $.» 

Meadville,  Missouri   5.3 

Brookfield,  Missouri  (sweet  dover)   6.2 

Horton,  Kansas   7.6 

Emporia,  Kanws  (s)   9.Q 

Avenge   4.35 


Simimary 

1.  Alfalfa  hay  grown  in  \arious  parts  of  the  United  States 
shows  considerable  ditTcrence  in  the  percentage  of  total  sulphur 
content,  quite  independent  of  sulphur  fertilization. 

2.  In  general,  hay  from  fields  with  the  heaviest  crops  contains 
the  highest  percentage  of  sulphur, 

3.  Good  to  excellent  croj)s  of  alfalfa  hay  remove  annualh-  from 
thirty-seven  to  ninety  pounds  of  sulphur  per  acre,  an  amount 
which  would  seem  far  ia  exceas  of  the  amount  returned  by  rain. 
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4.  In  some  samples  all,  and  in  ever\'  sample  more  thrtn  qo 
per  cent,  of  the  total  sulphur  was  in  the  organic  form.  1  here  was 
none  or  little  sulphur  present  ia  excess  of  the  actual  needs  as  building 
material. 

This  investigation  was  conducted  under  a  research  fellowship, 
from  the  Gypsum  Industries  Association.  The  -woA  was  performed 
at  the  University  of  Chicago  in  the  Hull  Bcftanical  LaboiaUiiy. 
under  the  direction  of  Br.  WniiAic  Dlockbs.  The  writer  wishes 
to  thank  the  Gypsum  Industries  Association  for  their  kindnias  in 
Annulling  the  felhmsh^,  and  Dr.  Crockes  for  his  advice  and 
criticism.  Thanks  are  also  due  Dr.  F^cedebick  Koch  for  his  advice 
and  criticism  of  analytical  methods. 

Sum  NomuL  ScBOOc. 
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BOOK  RBVIBWS 
Moot  KfwUnoM 

Weaves'  has  made  another  notable  contribution  to  our  knowledge  of 
foot  qntems.  Foxmer  investigations,  noted  in  thb  journal,*  indnded  nuuqr 
loot  systems  of  gras&land  plants,  and  the  pKSent  publication  is  confine^i  to 
grassland  vegetation  and  to  the  crop  plants  grown  ^nthin  its  limits.  The 
grasslands  are  considered  under  the  three  subdivisions  oi  true  prairie,  mixed 
prairie,  and  short *graas  plains. 

The  true  pnirie  is  duuacteiised  by  tall  sod^fonning  grasses  growing  in 
soil  of  rather  abundant  water  oonteot,  with  greater  moiltiiie  in  the  subsoil. 
On  the  l>asis  of  root  development,  three  general  classes  may  be  recognized  in 
grassland  vej^etation.  In  the  tirst  the  "working  depth."  or  average  depth 
reached  by  a  large  number  ot  roots,  is  about  1.5  leet,  with  a  maximum  depth 
of  J.3  feet.  Hie  seorad  dass  possesies  roots  with  a  woridng  depth  of  3.3  feet 
and  a  nuudmnm  of  about  6  feet;  while  in  the  thhd  dais  the  working  depth  ai 
the  roots  is  usually  5  S  feet  and  the  maximum  penetration  S  i:  feet,  with 
a  few  species  reaching  an  extreme  of  15  ?o  feet.  Examples  of  the  three  classed 
are  Aristida  oiigaiUJui,  Elymus  canadensis,  and  Koderia  cristnia;  Andropogm 
McopariuSf  BotOdtma  gracilis,  and  Grmddia  squofrasa;  and  Andropogan  Jurcatus, 
Aster  mmlt^hnUf  and  Panieum  vkiiUum.  The  deeper  rooted  qp«cies  have  few 
roots  in  the  surface  layers  of  the  soU,  showing  a  grouping  of  roots  into  more  or 
less  deiinite  layers,  thus  rHucing  competition  and  permitting  the  gro\^-th  of 
a  larger  number  of  species.  In  the  short  grass  plains  practically  all  plants 
have  root  systems  well  adapted  for  water  absorptioii  from  surface  sofls. 
TW  have  toots  with  a  woridng  depth  leas  than  a  feet,  three  have  wmUng  depths 
of  2-4  feet,  and  three  have  a  range  of  4-7  feet  Examples  of  the  three  daascs 
•  arc  Oputtlia  polyacanthn .  Eulh'dh  dadyJoidcs .  and  Psoraltd  trnuifoUn.  Here 
the  water  supply  is  nuich  more  limited,  especially  in  the  subsoil.  The  soil  and 
moisture  conditions,  as  well  as  the  vegetation  in  the  mixed  prairie,  are  inter- 
mediate between  the  true  prairie  and  the  shoit-grus  {riains.  Compansd  with 
the  true  prairie,  the  plant.s  are  not  as  deeply  rooted,  but  have  usually  developed 
a  very  efficient  and  widely  spreading  absorhing  system  in  the  surface  soil 

The  root  systems  of  cereal  crops  grown  at  many  stations  in  true  and  mi\e<l 
prairie  and  short -grass  plains  were  also  examined.    1  he  comparative  aniouni 

'Wi  \  t  ti,  John  E.,  Root  devdopmcnt  ih  the  grassland  formatioa.  Cars. 

Inst.  Wash.  Puhl.  292.  pp.  151.  pis,  SJ.  fiiS.  37.  1930. 
'  BoT.  Gaz.  69:351-353.  1920. 
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of  root  development  of  cereals  in  each  seems  to  he  in  true  prairie  100  per  cent, 
in  mLxetl  prairie  80-05  per  cent,  and  in  short-grass  plains  51-79  per  cent. 
The  experimentai  data  are  given  in  the  form  of  tables,  drawings,  and  photo- 
graphs, all  of  acdknt  quality.  lti»iecognizedtluitvaiiatkiialiiiootd0vdoi>« 
rnent  are  caused  l^vaiiotuiKt(HS,iuch  as  the  cbenucal  andphyaiadcluuacter 
of  soils  and  the  evaporating  power  of  the  air.  The  soil  factors  are  most  effective 
through  water  content  and  ;ieration.  The  water  relations  of  the  various 
habitats  were  examined  by  Weaver  by  means  of  atmometers  and  by  soil 
moirtlue  detenajnttioM,  the  Utter  hdng  intexpreted  fay  meaitt  of  the  wilting 
coefficient  and  hygnacopSc  coefficient.  He  cdb  attentioa  to  the  lecogaiaed 
fact  that  many  plants  are  able  to  continue  to  absorb  water  below  the  Umits 
of  the  wilting  coefficient.  In  fact,  it  is  in  the  responses  of  different  plants 
to  the  use  of  soil  moisture  lying  between  the  limits  of  the  wilting  and  the 
hygroscopic  coefficients  that  differences  appear  which  might  be  used  with 
advantage  lor  a  moot  significant  dassificarinn.  M  ivilthig,  tvfaetfaer  deariy 
manifest  or  not,  takes  place  at  about  the  same  nurture  content,  that  is,  at 
tliL  \.  iUing  coefficient.  As  the  moisture  passes  below  this  point  the  hydro- 
mesophytes  soon  die,  the  mesophytes  live  for  a  somewhat  longer  time,  while 
xerophytes  or  drought-resistant  plants  prolong  their  existence  for  a  very 
coandeaUe  period,  redndng  the  soil  moirtote  to  die  hygwanopic  coefficient. 
It  aeeins  rather  clear  from  the  work  of  AlwaY  and  others,  however,  that  the 
water  absorbeil  below  the  limits  of  the  wilting  coefiicient  is  quite  insuflicient 
for  growth  and  merely  serves  to  sustain  life,  indicating  that  the  term  "p:rowth 
water''  has  been  correctly  used  by  the  reviewer  and  others  for  the  amount  of 
toffl  moisture  hi  cwseaa  of  that  mdiated  fay  the  wilting  coefficient 

While  all  of  Weavxe'S  investigations  of  root  development  iiave  been  of 
the  highi-st  order,  this  report  shows  a  decided  advance,  tor  the  accumulation 
of  data  hm  become  sufficient  to  permit  some  significant  peneralizations. 
Among  other  things  he  points  out  that  as  our  knowledge  of  rout  development 
in  wioqsiworiarinm  increases  it  will  leader  Mweacc^ 
of  the  indicator  eignificanffe  of  the  natnwl  vegetation.  Thus  the  contributkHx 
he  has  made  to  the  science  of  ecology  beoooice  most  iiaeful  in  the  practice  of 
aciicaltttre.'<'-([^.  D.  Fvutau 

Slartevaal^  ue/tm  m  odiUo  ptaale 

The  purpose  of  this  la^e  volume,'  as  indicated  in  the  preface  is  that 
new  knowledge  niay  be  available  as  follows:  (i)  the  origfaaal  home  of  many 

esculents  b  given  for  the  first  time;  (2)  new  landmarks  in  the  histories  of  edible 
plants  are  pointed  out ;  (3)  an  effort  is  made  to  mention  all  cultivate^l  esculents; 
{4)  although  the  book  contains  much  new  iztfomuition  as  to  the  histoiy  of  the 

» ii»M«*if,  U.  P.  (editor),  SrosnvAits'B  notes  en  edible  pisats.  Rq;>ort  N.Y. 
Agric.  Exper.  Sta.  for  1919,  s:4to.  pp,  vii+686.  AlbsBy:  J.  B.  Lyon  Co^  State 
pdnten.  1919. 
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food  plants  of  the  Old  World,  it  is  f-sporially  full  and  acmratc  in  the  dis- 
cussion of  the  esculents  of  the  New  World,  (s)  Sturtevant  presents  much 
new  infbtiiiatioii  on  tlie  vuutiaiiB  thftt  have  been  produced  in  plants  by 
cultivatioii;  (6)  the  book  addi  mudi  to  feognphical  botuy;  (7)  maay  data 
are  contributed  toward  the  study  of  acclimatintkm. 

The  material  contained  in  the  book  was  compile!  from  the  nott-s  and 
manuscripts  of  the  late  Dr.  E.  Lewis  STURTEVA^^T,  first  Director  of  the  New 
York  Agricultural  Experimental  Station,  and  represents  the  labors  of  at  least 
a  quarter  of  a  century.  The  editor  and  Us  aiaiitaatB  have  had  no  Ugiit  tadc 
In  aelectmg  from  the  large  mass  of  partially  organised  material,  and  in  vedfyiog 
and  organizing  the  bibliography,  which  includes  some  6000  citatiorLs  contained 
in  500  publications.  This  task  of  organization  seems  to  have  been  well  done. 
The  informaliun  \s  arrayed  in  eucyciopedic  entries  under  the  scientific  name 
of  the  plant.  To  further  facilitate  reference  thcte  i»  an  index  of  common 
namea.  Hie  artides  var>-  in  length  from  a  £eir  Knea  for  many  of  the  leia 
important  plants  to  six  or  eight  pages  for  such  plants  as  beet,  potatOi  tomatO, 
and  strau'berr>'.  and  twelve  pages  for  squash,  pumpkin,  and  corn. 

A  portrait  of  Sturtevant,  a  biographical  sketch,  and  a  bibliography  of 
his  writings  sdd  to  the  interest  of  the  vohmie.  Its  comprehoiaive  nature^ 
inchiding  reference  to  some  jooo  plants,  its  dose  attention  to  UHoiiGal  and 
geographic  data,  and  its  numerous  citations  of  literature  make  it  invaluable 
for  reference.  It  greatly  expands  and  often  corrects  details  of  the  knowledge 
formeiiy  available  through  such  works  as  De  Candolle's  Origin  of  cuUivaied 
fioHis,  It  is  eiodlently  printed,  retuarkabty  low  priced,  and  is  avaHsble  lor 
puxdiaae  from  the  New  York  Agricultural  Experiment  Station,  Geneva,  N.Y.— 
Geo.  D.  Fuubr. 

Devonian  floras 

Arber's*  posthumous  voliunc,  which  was  sent  to  tiie  press  by  the  deceased 
author's  wife  and  his  friend  D.  H,  Scott,  gives  a  very  w^doome  fpeuenl  survey 
of  the  Devonian  floras.  There  is  comparatively  fittle  known  of  the  Devonian 

plants,  and  a  great  deal  of  what  was  formerly  attributed  to  Devonian  turned 

out  to  be  of  a  later  geologic  age.  On  the  other  hand,  the  great  discoveries  of 
lower  Devonian  plants  at  Rhynic  in  Scotland,  which  represent  the  oldest 
known  type  of  hmd  plants,  had  given  a  renewed  inter^t  to  Devonian  paleo- 
botany. 

Arber  divides  the  fossil  plants  of  the  Devonian  formation  into  two  floras. 
The  first  and  older  division,  which  he  calls  Psilophyton  flora,  is  represented  by 
those  low  ptoridophyles  ot  which  some  types  had  already  been  describetl  by 
Sir  WiLUAM  Dawson  in  1859,  and  whose  affinities  have  remained  so  doubttul. 
The  latest  addition  to  thb  grmqi  is  the  newly  discovered  plants  from  Rhynie. 

*  \  \<nv.vL,  E.  A.  N'rwf.ll,  Dt  \oiiian  floras,  a  study  of  the  origin  of  Comophyta* 
8vo.  pp.  xiv+ioo.  yii*.  47.  Cambridge.  1931. 
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The  s<-rond  flora  characterizes  the  middle  and  upper  Devonjan,  and  is  called 
by  Ajibe£  Archaeopteris  flora,  because  this  fern  predominates. 

Other  very  interesting  early  types  occurred  in  the  upper  Devonian,  like 
Ardutnigilaria,  PnkkpUodenirm,  and  mnaenniB  other  eaitier  icpiiesenta^ 
ttves  of  Sphenophyllum,  Spkcnopteris,  and  Pseiidhomia. 

This  fasrinatitiR  and  very  instructive  little  volume,  who<ir  vrjlue  inrrrased 
by  an  extensive  bibliography  on  the  subject,  forms  a  suitable  monument  lor 
Abbf.B,  who  has  been  removed  from  the  world  of  science  at  too  early  an  age. — 
A.  C.  No«. 

]loiilK  AinefJcatt  tfiuie'inenUa 

In  iSgg  Macbride's  The  North  American  slime-monlds  was  published, 
which  was  the  first  comprehensive  presentation  of  this  interesting  group  for 
Amencan  botanists.  A  brief  review  of  that  work  was  published  in  this  journal.' 
A  second  edition  has  just  appeared,*  the  first  edition  "havii^  been 
kmgago."  It  comctaceitain  errata  of  die  fiist  edition,  but  diielfy  it  inooipo* 
rates  the  results  of  research  during  recent  y&LSs.  The  painstaking  work  and 
clfi'.r  statement  which  characterize  Macbride  have  resulted  in  a  book  of 
unu&ual  quality.  It  is  intended  especially  for  American  students,  and  therefore 
discusses  chiefly  American  species,  but  it  also  indudes  brief  descriptions  of 
Other  fonns,  and  refen  to  many  extxa4inutal  species  now  generaUy  reoogniced. 
To  many  botanists  it  will  probably  give  a  new  perspective  of  *  gfOiqft  of  Olgan- 
isms  often  dismiwed  wttli  too  little  attention.— J.  M.  C 

MINOR  NOTICES 

Maanal  ef  woodT  plaala.— Tbbuab^  baa  publialied  a  seoood,  reviled 

cditioa  of  his  small  pocket  manual  of  the  woody  plants  used  for  deoontive 
piuposes.  The  intention  of  the  author  "is  to  make  it  possible  for  any  careful 
observer  to  learn  the  generic  and  usually  the  specific  name  of  any  hardy  tree, 
shrub,  or  woody  climber  that  he  is  likely  to  find  cuiLivatcd  in  the  United 
Statea.'*  Hie  need  of  «  new  iarae  indicatea  that  tfie  manual  has  found  a 
constituency.  In  the  levued  edition  certain  errois  have  been  oonected,  and 
the  scope  of  the  book  has  been  enhufed  by  indudiog  a  few  additional  tyi^ 
J.  M  C 

British  forestry. — A  handy  litt'e  volume  by  Hanson-*  gives  in  a  non- 
techm'cal  manner  the  general  principles  of  forestry  as  practice<l  in  the  British 
I^es  and  adjacent  parts  ol  Europe.    lu  addition  to  plain  directions  for  nursery 

*BoT.  Gaz.  39:74.  IQOO. 

*  Macbridh:,  Thomas  H.,  The  North  .\merican  slime-moulds.  A  descriptive 
Ust  of  all  ^des  of  Myxomycetes  hitherto  reported  from  the  continent  of  North 
Ameifca,  with  notes  OB  sone  estctrliniital  species.  8vo.  pp.  xvU+299.  pis.  ^j.  1922. 

'Trelease,  Wttii\m,  Plant  material*  of  dcrnrati\e  u.irdcning:  The  woody 
plants,   aded.  lOmo.  pp.  xIiii-l-177.  Urbana:  Publi-^lK(l  hy  tlu- .tuthor.  iq^i.  $1.00. 

*Ham80m,  C.  O.,  Forestcy  for  woodmen,  lamo.  pp.  jj^.  pii.  1 3.  figs.  is.  3d  ed. 
Oifwd.  1911. 
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and  forest  management,  sawing  and  planting,  felling  and  measurement,  there 
are  chapters  on  forest  animals,  birds,  insects,  we^s,  and  fungi.  The  final 
chapter  deals  with  the  uses  of  British  timber.  The  book  is  in  an  easily  readable 

Mid  Mem*  to  give  a  9Dod  idea  of  loiMtiy  u  imMti^ 
Gbo.  D.  FtiLun. 

NOTES  FOR  STUDENTS 

▼ocelaliaa  tad  dfan«le.~Tlie  moat  recent  phase  of  eoology,  triiich  finda 

expression  in  attempts  to  introduce  quantitative  methods  for  the  investigation 
of  vegetation  and  of  the  factors  that  determine  its  nature  and  distribution, 
has  received  a  notable  contribution  in  a  recent  volimie  by  Livingston  and 
^K£V£.*  "The  existence,  limits,  and  movements  of  plant  communities  are 
controlled  by  physical  conditiooa"  is  stated  aa  a  fundaamtal  law  of  plant 
geography,  and  an  attempt  is  made  to  map  the  dbtribution  both  cl  vanous 
physical  factors  and  of  a  considerable  number  of  plants  and  plant  communities. 
Data  for  the  latter  arc  olitained  from  a  variety  of  sources,  and  more  particularly 
from  Shr£V£'s  well  known  map  of  the  vegetation  areas  of  the  United  States. 
In  inKX  a  gencfalued  fonn  of  this  xaxp  is  employed  aa  a  basis  iqMui  whidi  to 
dqilay  the  distzibution  of  rfimarir  factors.  In  addition  to  tliis,  ranges  of 
various  plant  species  and  groups  of  species,  such  as  deciduous,  microphyllous, 
and  brnr\f}-!p,'>  v{Y!  t  s  t  r^reen  trees,  are  delimited.  Here  emphasis  is  placed 
upon  the  lack  oi  auyiiiuig  like  an  adequate  knowledge  of  the  ecological  distri- 
btttion,  baaed  on  rdative  abtmdanoe,  dominance^  or  dendty  of  stand,  of  any 
oooaidamble  number  of  plants  even  in  sudi  a  wdl  esj^ored  land  aa  our  own. 

A  general  dlscxission  of  the  iniluence  of  the  environment  on  plant  life 
classifies  environmental  factors  which  arc  important  in  distribution  as:  (i) 
QUHSture  conditions,  (2)  temperature  conditions,  (3)  light  conditions,  (4) 
chemical  conditions,  (5}  mechanical  conditions.  llMse  are  cot^dend  in  tun. 
In  disamring  the  aiqip^  of  water  to  vegetation  the  "rtsidual  adl  moistaie 
content"  of  the  soil  is  not  xegarded  as  a  soil  constant,  in  spite  of  many  data 
tending  to  prove  that  within  ver\'  considerable  limits  its  constancy  holds. 
No  mention  is  made  of  wilting  or  hygroscopic  coefficients,  nor  of  the  notable 
contributions  of  such  wdl  Itnown  investigators  as  Alway,  Shull,  Keen,  and 
B0UYOUCO8.  These  omiialons  constitute  the  most  serious  defect  in  an  other- 
wise admirable  and  comprehensive  volume. 

The  tabulation  of  the  climatological  data,  used  for  the  construction  of  the 
maps,  in  a  form  that  makes  them  available  for  future  investigators  b  highly 
to  be  commended.  As  an  example  of  such  accumulations  of  exact  infor- 
jiiarion  legaiding  oonditlonB  limiting  growth  and  distribution,  the  taUe  of  fr^ 
data  may  be  dted.  Here  for  1803  different  stations  the  altitude,  number  of 
yean  of  tecoid,  average  date  of  the  last  iiost  in  qningt  end  the  earliest  in  the 


•LiviNOSTON,  B.  E.,  and  Smwvs,  F.,  The  ^stribotion  of  vcgetatioo  m  the 
United  States  as  related  to  dfaaatic  conditions.  Cam.  Jnat.  Wash.  FnbL  184; pp.xvi'f 
59a  pU,  7J.  j^g/i.  74,  Z931. 
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fall,  together  with  the  length  of  the  average  frostless  season,  arc  given  in  readily 
accessible  fonn,  the  resulting  tables  covering  thirty-three  pages.  These  data 
«v»  plotted  M  iiodmMtic  linct  on  the  map  of  the  United  States.  Among  the 
fteton  thus  tiilmliited  end  mapped  are:  temperature  efficiencies  for  the 
frostless  season  expressed  as  (i)  remainder  indices,  (2)  eqx>taitial  indioei^  end 
(3)  physiological  indices;  absolute  temperature  maxima  and  minima;  average 
daily  temperature  for  the  coldest  and  hottest  weeks  of  the  year;  mean  daily 
precipitation  for  the  frostless  season  together  with  the  niunber  of  rainy  and  dry 
days  fmr  same;  nonnal  annoal  pndpitadon;  atmoapheric  evapoiatiiis  power; 
ratios  of  precipitation  to  evaporation;  aqueous  vapor  pressure;  rdative  air 
Inuniditv.  wind  velocity;  sunlight;  and  moisture  temperature  indices. 

It  is  recognized  that  there  £ire  detided  diffic-ulties  in  establishing  correla- 
tions of  these  isodimatic  areas  with  the  distribution  of  plant  species,  growth 
fbrme^  and  veietational  areas,  but  even  here  the  efforts  of  the  authors  have 
met  with  considersble  success.  The  statement  of  climatic  extremes  for  vaiknia 
vegetational  features,  in  12S  tables  covering  86  pages,  certainly  gives  more 
exact  information  than  was  ever  before  available  regarding  the  conditions 
under  which  various  plant  communities  and  plant  species  have  developed* 
A  very  decided  addition  to  our  knowledge  of  the  eoDKt  conditions  tiiat  piob«^ 
diamine  feneral  vegetational  areas  is  also  provided  in  the  plotting  of  the 
comparative  ranges  and  intensities  of  twelve  leading  climatic  conditions  for 
nine  such  areas,  for  the  life-zones  of  Merriam.  and  for  over  thirty  plant  species. 

The  book  shows  the  uniformly  good  printing  of  text  and  maps  characteristic 
of  the  publications  of  the  Camegie  Instftirtipn  of  Washington,  and  seems  reason- 
ahly  fne  from  enrois  of  ^fpopapiqr  and  in  the  use  of  specific  names.  It  win 
be  indispensable  to  all  ecologists  who  wish  to  take  accoimt  of  dimatic  factors, 
and  will  become  increasingly  useful  as  increasinpr  knowledge  permits  more 
accurate  interpretation  of  such  factors  and  their  closer  correlations  with  the 
resulting  displays  of  plant  life.— Ono.  D.  Fuixsa. 

Anatomy  and  biology  of  gymnosperm  leaves. — While  there  have  been 
several  investigations  of  leaves  in  various  groups  of  g\Tnnosperms,  there  has 
been  no  comprehensive  sttidy  of  the  entire  line.  Consequently,  a  recent  work 
by  FEonsL*  wdl  be  w^xmed  by  those  who  wish  to  find,  in  compact  fonn,  a 
survey  of  the  liteiature  of  the  subject  The  author  states  frankly  that  his 
work  b  only  a  summary  of  the  literatttW,  not  an  investigation;  but  his  obser- 
vations, especially  along  biological  lines,  and  the  comparative  presentation  of 
anatomical  features  are  suggestive.    The  various  orders  are  treatcnl  separately. 

Cycadofiucales. — The  term  Ptendospermae  is  used  for  this  order. 
The  mode  of  treatment  is  similar  in  die  other  ordeis.  In  feneral  aqppeaianoe 
the  leaves  are  femlike,  but  the  internal  structure  shows  a  mixture  of  fern  and 


oFeustel,  Hesu.,  Anatnmif  und  biologk  der  Gjyuiaoipamienblittftr.  BeUi* 

Bot  CentralbL  38:177-357.  1931. 
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cycatl  characters.  He  notes  the  mu!t"p!r  leaf  traces  of  the  Medullosac,  the 
concentric  bundles  in  the  rachis  of  l.yginoikndron  and  Heterangium,  and  in 
the  leaf  d  Sutdifia;  and  among  the  cycMl  cfaaraclfra,  the  double  leaf  bace 
nf  Xy|iii«iaidhM»»  and  the  secretory  cuial  aytttm.  Hie  leasee  bdang  to  the 
leathery  type  of  recent  ferns.  The  thickness  and  inroUed  mar^ns  are  xero- 
morphic  characters,  and  the  prevalent  hypodermal  sclerenchyma  is  xerophyttc. 

Cvc/VDALES.— The  review  of  the  literature  of  the  cycad  leaf  is  particularly 
thorougii,  probably  because  there  have  bera.  two  rather  extensive  investiga-> 
tions.  In  the  varknu  genera  and  i^iecies,  the  ihKptt  of  oeUt  of  the  epidermis, 
the  etomata,  the  parenchyma,  the  thick-walled  oells,  and  the  vascular  qrstem 
are  treated  under  separate  bcadinRs.  The  xerophj'ti'c  features  are  cmpha«!t7ed. 
The  leaf  structijrc  is  so  characteristic  in  the  different  genera  that  a  taxonnniic 
key,  based  upon  leaves,  is  presented.  Since  no  study  has  been  made  of  the 
leaves  of  Mkncyeas,  this  gemis  b  not  mentioned.  Doubtless  most  of  the 
investigatioiiB  have  been  made  iqpon  leaves  taken  from  greenhouse  spedmens. 
^\'hile  the  general  structure  is  probably  about  the  same  as  in  plants  in  their 
native  habitats,  we  shotild  expert  to  find  the  xerophytic  characters  more 
pronounced  in  plants  exposed  to  the  extreme  xcrophytic  conditions  than  in 
greenhouse  phmts,  which  are  more  or  less  shaded  and  are  frequently  watered. 

BBMMimiAUBS.— So  little  is  known  of  tfw  mtemal  structure  of  the  mature 
leal  that  Uiis  section  is  very  brief,  but  there  is  a  mixture  of  fern  and  qfcad 

duuncters,  and.  arrordtnp  to  Fk!'stkt..  some  anpn'osperm  characters. 

CoRD.\iT..\LKS. — This  order  is  treated  under  the  separate  headings  Por- 
oxyleac,  i'ilycae,  and  Cordaitcac;  but  since  no  leaves  are  known  in  the  rilycae, 
the  study  deals  only  with  the  other  two  groups.  Resemblances  to  some  of 
the  Cycadoiilicales  and  to  some  of  the  recent  cycads  are  pointed  out,  but  it  b 
very  questionable  whether  the  sinnlarities  arc  due  to  relationship.  Resem- 
blances between  the  leaves  of  C<»daiUs  and  some  of  the  Coniferales,  especially 
Agaikix,  seem  more  striking. 

GmKCOALBS.— The  heterophyllous  leaves  of  Ginkgo  are  s^nificant,  the 
lobed  and  divided  cbanwter  behig  retained  from  the  ancient  fonns.  The 
structure  of  the  leaf,  with  its  long  petiole,  broad  blade,  and  soft  consistemy, 
is  not  very  xcrophytic,  but  indicates  that  Ginkgc  in  its  phylogmy  has  come 
from  a  climate  with  long  wet  periods. 

CoNOTEEALES.— The  stnicture  and  biology  of  the  leaf  of  Pttms  are  treated 
in  great  detail  as  a  type  of  the  order,  and  the  other  genera  are  considered  from 
the  standpoint  of  comparative  morphology  and  biology.  The  leaves  of  all  the 
conifers.  1)\  their  form,  stnicture,  and  (onsistency.  are  protected  against  wind 
and  rain.  They  are  both  xeromorphic  and  xerophx  tic.  Several  ec<tlogical 
h>  [)othescs  arc  advanced  to  account  tor  the  geographical  distribution  oi  the 
group. 

Gmbtaus.— Naturally,  the  genera  of  this  group  are  treated  sepaxatdy; 

but,  in  spite  of  the  striking  differences,  the  three  genera  show  more  resem- 
blances to  each  other  than  to  the  rest  of  the  gymnosperms.  Ihe  leaves  of 


I 


Digitized  by  GoQgle 


CURRENT  LITERATURE 


419 


Gnelum  resemble  those  of  angUwpenna  in  their  internal  structure  as  well  as 
in  their  general  appearance. 

The  conclusion  for  the  entire  group  of  gynmoqieniiB  is  that  the  leaves 
bdoog  to  a  imi^  xerapliytic  type,  iridi  GneUm  as  theon^eicep- 

tkNU.  The  lilenture  list  is  very  incomplete,  because  it  was  not  thought 
necessnr\'  to  repeat  references  which  can  be  found  in  standard  texts.— C.  J. 
Chambe&lain. 

ftiivintioii  of  lliermophiles. — The  respiratory  activity  of  the  thermophile 

fungi,  Tktrmoascus  auranti<iius.  Atiixin  spiuli\ca,  an<J  others,  has  been  studied 
by  NoACK."  who  finds  that  the  high  respiratorj'-  activity  is  directly  relate<l  to  the 
Tdpid  growth  rate  oi  these  organisms,  and  that  it  is  merely  a  coiistK)uence  of 
the  h!^  tempenture,  not  due  to  specific  constitation  or  peculiar  ensyme 
equipment.  The  economic  coeffident  for  young  cultures  IB  tJi,  and  about  3.6 
for  older  ones.  The  respirator^'  quotient  with  changing  03c\'Ken  supplj'  and 
different  ^owth  rates  from  changed  sources  of  carbon  remains  near  one,  so 
that  the  only  peculiarity  is  the  high  respiration.  From  a  comparison  of  the 
tcaqMrature  coeffictokt  <rf  req>iration  in  thennophOcs,  which  is  aliout  1.7  within 
the  temperature  limits  for  growth  ds'^ss'*),  with  that  of  PenicSUnmt  whkh  is 
about  2  at  is^-as"  C,  Noack  concludes  that  the  thermophiles  show  a  restricted 
respiration.  Thus,  Thermoauus  produces  310  per  cent  of  its  dry  weight  of 
COi  in  24  hoiurs.  If  the  respiratory  rate  of  Peniciiiiiim  at  25"  C.  were  quad- 
nq>led  by  a  raw  to  45°  C,  however,  it  would  produce  532  per  cent  of  its  dry 
wdi^t  of  CX)k  in  24  hours.  From  this  oonsidcfatioa  of  the  van't  Hon  rule, 
and  the  absence  of  abnormal  behavior  in  respiration  and  growth,  he  concludes 
that  the  high  respiration  of  thermophiles  b  merely  a  temperatnre  consequence, 
and  is  really  somewhat  restricted  for  Uiat  temperature. 

With  regard  to  this  use  of  tile  vam't  Hon  rute»  and  the  finding  of  a  lower 
temperature  coefficient  of  respiration  for  thennophile  fungi  at  45"  C.  tlian  for 
FenkiUium  at  25°  C,  attention  is  called  to  a  recent  paper  by  Matisse,"  who 
criticizes  the  use  of  the  VAn't  Hoft  rule,  and  urges  the  adaption  by  biologists 
ot  the  Arkhemus  temperature  law  instead.  I'he  formula  for  the  vas  t  llovif 
rule  is  incompatible  with  that  devdoped  by  Aji&HE>fius,  and  the  latter  is  now 
accepted  univeisally  by  physical  diemistB.  The  curves  devdoped  from  eadi 
formula  are  much  a&ke  at  low  temperatures,  but  the  Auhbmios  Inmuda 
shows  that  as  the  temperature  goes  higher,  the  value  of  Q,o  decreases.  The 
lower  temperature  coefficient  for  thermophiles  is  exactly  what  one  would  expect 
according  to  the  Ajuu{i:..\iUS  temperature  law,  and  the  argument  that  ihermo- 

phUea  show  a  restricted  icq>iEation  for  that  ten^ieratuie  {4^)  is  probably  not 
justified.^C  A.  Sauu. 


"Noack,  Kurt,  Die  Betriebstoflwedisei  der  tbemK^hilen  Pike.  Jahrb.  Wiss. 

Bot.  95:413-466.  IQJOw 

**  Maiisss,  GaoBcas^  La  loi  d'Airhcnius  centre  la  r(|^  dtt  ooeflkient  de  tempte- 
ataie.  Archiv.  Int.  FhyiuiL  16:461-466. 
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8alM  and  ftniMMbiUtr  to  add*.— Bunnb^  finds  by  the  use  of  a  deplas- 
molitk  method  on  red  cabbtge  that  neutxal  salts  modify  Oa  toaddtjrof  adds. 

The  foUowing  table  shows  the  killing  concentntkn  of  HQ,  four  liouD  apo- 
vaectf  foOowing  pta^molysia  fay  the  various  salts: 


BaiBMit. 

n  i«  — 
dftkalML 

S.giXio-* 

.,.,t/8oo 

1.29X10—1 

....1/600 

1.38X10-1 

4.A8XIO-4 

Mr  fN0,>,+6  aq.  R.S  prr  cent.. 

...  t/iooo 

I  ofjX  10  — ' 

3.16X10-J 

t.isXio— 1 

Ca(NO,),+4  aq.  6.$  per  ceat. . . 

....1/500 

1. 95X10—1 

S.50X10-J 

8.9oXio-< 

S^tHwTfft*  

8.7tXto-4 

The  authiur  mphaitifrt  the  fact  that  salts  antagonize  the  toxic  action  of 
Strang  tninecal  add,  H  ion,  jint  aa  tli^  have  lon^ 

salts.  The  antagooiatic  actkm  of  salts  toward  H  ions  is  due  to  the  joint  action 

of  cations  and  anions  of  the  s.ilts  By  change  of  color  in  the  anthoc>tinin  of 
the  cells  ust-tl.  the  author  determined  that  adds  enter  uninjured  cells  ver>'' 
slowly,  and  tiiat  Uic  eflect  of  i^t^  in  reducing  this  entrance  corresponds  to 
thdr  antitmdc  eiTecta.  In  oeUa  that  aie  killed  by  adda,  NaQ,  KCl,  and 
KN(V  favtMT  the  exosmoee  of  anthocyanin*  and  aalta  of  earth  alkatt  dday  it 
very  much.  Of  the  plasmolytic  agents  Mg  salts  proved  very  toxic.  In 
Mg(NOj)j  no  cells  were  alive  after  twenty-four  hours,  and  in  MgCl,  and 
MgS04  very  few.  The  salts  of  alkalis  were  only  slightly  less  toxic,  except  for 
KCl,iHiidi  showed  many  odlaalive  after  two  days.  In  Cadi  the  odls  would 
lemain  a£ve  and  plaamolyied  for  a  mudi  longer  time,  aome  of  them  for  twenty* 
one  days.  Hie  author  emphasizes  the  toac  acti^a  of  paie  aalta  and  the 
VhIti"*'*^  or  non-toiic  nature  of  miztuzes  iA  aalta. — Wm.  Crockik. 

800  aMiatore.— A  new  daa^ficatian  of  lofl  moiituse,  baaed  upon  its 

behavior  in  freezing,  appears  to  be  founded  \i\K>n  scientific  princ^tlea  and  to 
gi\e  a  deeper  insight  into  the  actual  condition  of  such  wafer,  its  movement, 
and  its  relationship  to  plants.  Bor^'oucos'*  has  found  that  a  portion  of  the 
soil  moisture  freezes  readily  near  o°C.,  another  portion  only  when  a  temper* 
atttxeof -4*C.  isreadied,andathifdportknidoeanot&eeaeatalL  Thefitit 


It  Bkennek,  W.,  Cber  die  Wirkung  von  Neutralsalzen  auf  die  Siureresisteng, 
PermeahilitMt  und  Lebcnsdauer  dcr  Protoplasten.   B«r.  Deutsdi  Bot  Godls.  «l: 

14  BouYoucos,  <j.,  A  new  clarification  of  soil  moisture.  Sofl  Sdenoe  11:33-47. 
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portion  is  called  "free"  water,  to  distinguish  it  from  the  remaining  "unfree" 
water  The  portion  of  the  latter  capabieof  being  frozen  is  regarded  as  ri]  illar>'- 
adsorbcd,  while  that  which  does  not  freeze  at  ail  is  the  combined  water  ur  the 
mter  of  aolid  solvtioik  aad  of  hydmtioii. 

The  phyaiolosical  uid  ecological  wignifiatiire  of  sudi  a  daeefficatum  ia 
indicated  by  showing  that  a  close  relationship  exists  between  the  unfree  water 
and  the  wilting  coefficient  of  Briggs  and  Shantz,  and  between  the  combined 
water  and  the  hygroscopic  coefficient.  The  new  classification,  together  with 
the  relationsh^)  of  the  different  classes  of  soil  moisture  to  plants,  may  be 
amdaely  expressed  aa  foUows,  gravitational  water  being  the  same  aa  in  older 
lystems  of  claaaifiGatibii: 

I.  Gnvitational  auperavailable 

3*  Fiee  wry  a\"ailable 

Capillar}- -adsorbed  slightly  available 

Con.bm«.  {^'':,'^^^  )  unavaiUble 

The  method  of  tnCASuring  the  relative  amoimts  of  these  various  forms  of 
water  in  the  i^oil  is  known  as  the  dilatometer  method,  and  is  relatively  simple, 
being  based  upon  the  expansion  of  water  upon  freezing.  This  method  would 
also  seem  to  utier  a  cuuvenient,  rapid,  and  accurate  method  of  determining 
the  wiltiiig  ooeffident.— Geo.  D.  Fuller. 

Nutrients  lor  Rhizopus. — Miss  Dunn'^  has  studied  the  effect  of  various  con- 
centiatioiisaiid  proportions  of  nutrients  upon  Blaoslbb's  two  noes  (male  and 
female)  of  Rkkopusnigneam,  The  salts  KH;F04,  NII«N0|,  MgSQ,,  and  FePOi 

were  used  in  various  proportions,  and  total  concentration  «ith  glucose  or  glycer- 
ine as  the  carl)on  source.  Apparently  calcium  is  not  needed  by  this  plant, 
and  it  makes  no  use  of  nitrate  as  a  nitrogen  source,  but  uses  the  NH4  ion. 
Under  the  conditioaa  of  dna  Investigation  **the  activity  of  the  organisms 
aiqpean  dearly  to  he  controlled  by  a  combination  of  (0)  salt  proportions  (or 
perhaps  ion  proportions),  {h)  total  salt  concentration,  and  (c)  dextrose  con- 
centration. When  these  three  conditions  are  poorly  balanced  for  the  growth 
of  these  races,  the  solution  may  sometimes  be  greatly  improved  by  altering 
Just  one  of  the  conditions,  but  it  is  frequently  necessary  to  alter  two  conditions 
eimultaneouily  to  obtain  good  physiological  balance.  The  solution  lepie- 
lenting  the  best  « ombination  has  the  following  characteristics:  (a)  Molecular 
salt  proportions;  KHjPO^  6  o:XH,Xf^,i  o  :  MgSO.i  r  :  FePO,  a  mere  trace. 
(6)  Total  salt  concentration,  equivalent  to  a  calculated  osmotic  value  of  14.5 
atmospheres,  (c)  Dextrose  conccutraiion,  i.o  gram-mol.  ix-r  liter.  "  There 
was  no  consistent  diffetence  In  dry  weight  production  between  the  male  and 
female  races  when  grown  on  dextrose,  but  when  grown  with  glycerine  as  the 


Dt'vv.  Or  ac  e  a.,  A  comparative  Study  of  the  two  races  of  Skmpus  mpieam. 

Physiol.  Researches  1:301-339.  193 1. 
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carbon  sour.  iv  the  inale  uniformly  gavf  the  higher  yield.  In  all  dextrose 
oUtures  where  ihe  yields  were  medium  or  high,  the  maie  showed  much  more 
flpoiangium  productiiaii  dian  the  femak,  and  the  fenukTvu  moie  vigorous  ia 
mycelial  pfoductkm.  Ilie  niale  seems  to  have  a  aoinewliat  h^lher  inai^^ 
temperature  than  the  female.  Hie  optimnm  Sot  the  female  also  seems  to  be 
somewhat  lower.— Wh.  CsocKEa. 

Amylase  of  Rhizopus. — ^Hartes'*  has  made  a  study  of  the  amylase  of 
Rhizopm  triiki.  particularly  the  effect  of  various  factors  on  its  secretion  and 
action.  The  best  growth  of  the  fungus,  and  also  secretion  of  amylase,  as 
indicated  tigr  the  anotrnt  of  hydrolysb  of  atardi,  was  obtained  with  CMncs's 
nutrient  sdutum,  when  ammonium  nitrate  was  tiie  source  of  the  mtvogen,  and 
starch  the  source  of  the  carbon.  Poorer  results  were  obtained  when  so*Jium 
nitrate  was  used  as  the  source  of  the  nitrogen,  and  either  cane  sugar  or  glucc»e 
as  the  carbon  source.  Sweet  potato  bouUkm,  however,  w^hich  contained  both 
l^ttooae  and  starch,  gave  the  best  Nsulti  ol  aU.  The  nutrient  soJution  best  for 
the  growth  of  the  fungus  was  also  best  for  the  secretion  of  the  ensyme.  Hie 
best  temperature  for  the  action  of  the  enzyme  was  4^  C,  and  its  action  was 
practically  nil  at  60".  The  secretion  of  the  c»i?'vnie.  as  measured  by  the 
hydrolytic  power  of  a  imit  weight  of  the  enzyme  powder,  was  much  less  when 
the  fungus  was  grown  at  40''  C,  the  maximum  temperature  for  its  growth,  than 
wnCtt  It  was  grown  at  9*  C,  which  iqnesenta  about  the  miniminn  tempeiature 
for  its  growth.  While  most  of  the  experiments,  the  data  from  whidl  aie 
recordetl  in  this  paper,  have  been  Tric^!  nui  by  Other  workers,  using  other 
specii^s  of  fungi,  this  seems  to  be  the  nrst  time  that  Rhitopm  tritici  has  been 
tise<i  for  such  an  investigation. — S.  \'.  Eaton. 

Plants  of  Mississippi. — The  greater  part  of  a  useful  little  volume  by  Lowe'» 
is  ooci4>ied  by  an  annotated  lut  of  the  vascular  plants  of  MiKissippi,  compiled 
from  the  AujgQN  and  Tkaciy  herbaria  and  from  the  fidd  wotk  said  collectiens 

of  the  author  and  his  assistant,  Thomas  L.  Bailey.  A  feature  of  the  woA 
which  should  appeal  to  the  general  reader  is  an  introduction  comprising  an 
elementary  discussion  of  the  problems  of  plant  ecol<^'  express^  in  non- 
technical language.  Botanists  will  be  more  interested  in  the  divi^n  of  the 
state  into  the  ten  following  topographic  and  floiistiG  rei^ons:  (i)  Tennessee 
River  hills,  (2)  Northwestern  prairie  belt,  (3)  Pontotoc  ridges,  (4)  Flatwoods, 
(5)  North  central  plateau.  (6)  Jackson  prairie  belt.  (7)  Loess  or  blutT  hills,  (8) 
Yazoo-Mississippi  delta,  (q)  Long  leaf  pine  belt.  (10)  Coastal  pine  meadows. 
The  top^raphy,  soil,  and  vegetation  of  each  of  these  subdivisions  are  briefly 
described  sndlbts  of  diaracteristicspeciesgivett.  Theusefuhicssof  thevuhmie 
would  be  decidedly  increased  by  supplementing  the  table  of  contents  with  an 
adequate  index.— Gbo.  D.  Fouo. 

>*  Haktbk,  L.  L.,  An^lase  of  RMzopns  trUid,  with  a  coiuideiation  of  its  secRtian 

and  action.   Jour.  Agric.  Res.  30:761-786.  1931. 

Lows,  £.  N.,  Plants  of  Bltasissqjpi  Miss.  Geol.  Sorv.  BuU.  17.  pp.  89**  S9>x< 
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Bahaman  endemics. — The  Bahanui  Islands  havt-  1h  en  found  to  possess  an 
endemic  flora  of  some  185  spiecies,  or  rather  more  than  fourteen  per  cent  of  the 
entire  plant  population.  There  is  but  a  single  endemic  genus,  however, 
JMrMM,  bdonging  to  the  Apocyaaoete.  A  euM  analywB  of  die  •itmidoa 
by  Tayuqr^  diom  that  the  dlstribatkiii  of  thewforaiB  does  not  coincide  nith 
the  "age  and  area"  hypothesis  of  Wilus,  nor  do  the  distribution  and  growth 
forms  of  the  endemic  differ  materially  from  those  of  the  non-endemic  species. 
Moreover,  the  comparatively  youthful  land  surface  seems  to  preclude  the  idea, 
of  any  considerable  number  of  reUc  species.  Taylor  is  thus  forced  to  the 
eoodusion  that  the  endemics  are  due  laifdy  to  the  father  direct  influence  of 
the  somewhat  peculiar  set  of  external  factors  that  include  sterile  and  often 
saline  soil,  deficient  rainfall,  strong  trade  winds  varied  by  violent  hunicaneSy 
and  possibly  certain  other  factors. — Geo.  D.  Fuller. 

Action  of  iidheni  OB  flaie^Doubt  has  sometimes  been  cast  on  the  capacity 
of  fichenstodisintesiatethelunlerfQda.  In  this  connection  litis  Uellor" 
rqMrts  the  occurrence  of  twenty-two  forms  growing  on  the  glass  of  church 
windows  in  France.  The  plants  not  only  etched  the  glass,  but  produced  pits 
up  to  0.5  cm.  in  diameter  and  as  much  as  t.6  mm.  deep,  in  the  process  ch^>ping 
off  fine  fragments  wliich  became  imbedded  in  their  tissues.  The  action  is 
cqilained  as  a  pindy  inechanical  resdt  of  the  sfrfution  in  rain  irater  of  tfie 
ocreted  as  a  result  of  the  respiration  of  the  lichens,  and  is  ynxy  alow,  but  the 
conclusion  is  drawn  thr\i  pl:!nts  able  to  attack  glas.s  in  this  way  would  hrwe  a 
similar  disorganizing  eflect  un  rocks.  In  fact,  one  of  the  species  found  growing 
on  glass  was  also  found  growing  on  slate,  in  which  situation  fine  chips  of  slate 
were  iaooipofated  in  the  thalhis.-^.  W.  Masxin. 

ZofflogiMb-Botanische  GeseUsehaft — ^This  society  is  one  of  the  oldest  and 
most  famous  of  the  natural  science  societies  of  Europe.  In  order  to  continue 
its  ejustence,  it  is  compelled  to  sell  some  of  its  herbarium  collections.  In  view 
of  this  need  we  publish  the  foDoiring  notice  leoeivBd  frnm  Viemtt: 

"For  sale— a  valuable  ooHectkm  of  mosses  containiin  more  than  1000 
European  species,  including  about  1 2,000  fine  specimens  collected  by  faooous 
bryologists,  a.s  Scmimper.  Wilson,  Df  Xotaris,  Lfvoberg,  Juratzka, 
MoLENDo,  LoRENTz,  Bkeidlek,  many  of  them  being  types.  The  oallection 
also  includes  several  himdred  members  of  old  rare  exsiccatae,  as,  for  example, 
Bawkhomt.  Biyotheca  Eurapaea.  Offcn  should  be  sent  to  the  ZoQlogisdi- 
BoCanlsche  Gesellschaf  t,        Mechdfsase  2,  Vienna.  Austria." 


'  TanoB,  NotMAN,  EodcniHn  in  the  Bahama  flees.  Ana.  Bolaay  mS5«3-5SS* 
i9ti. 

Mellor,  Kthet  ,  Les  lichens  vitricoles  et  leur  action  n>fecaniq;ue  sur  Iws  vittamt 
d'dgUse.   Comptes  Rend.  Acad.  Sd.  173:1106-1108.  1931. 
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£mbryology. — Sources,  in  continiiation  of  his  work  on  the  embryology  of 
Angiosperms,  has  published  sev^al  recent  rantributions.  Rkeum  Emod^ 
fa  presented  as  a  further  wprdcntotiw  of  the  Po^fgDmaceac.  ChmopoHmm 

Bonus-Henricus"  Is  the  fubject  of  an  unusually  full  treatment.   la  the  presenta> 

tion  of  thf"  cmhrj-opcny  of  the  Labiatae,  Ghrhoma  hoieracea  and  Lamium  pur- 
pureum  form  the  subject  of  one  paper,"  and  in  the  second  paper'J  M entha  piridis 
is  used.  The  Scropfaulariaceac  are  represented  by  Veronica  arvensis.**  The 
pwaitatiim  of  the  mbtyogeny  of  Ufika  pUulifer^  »  comphtod  nith  two 
papeik^J.  M.  C. 

Overgrowth  of  stumps. — The  overgrowth  of  the  upper  ends  of  stumps  of 
jpj«fH(0^wga  and  of  ilMd*  craiMtfr  hat  been  ofai^^ 

Columbia.  Careful  excavatibii  dioirad  that  hi  evioy  case  root  graftmc  with 

living  trees  existed,  the  connected  roots  providing  an  avenue  for  food  conduc- 
tion to  the  stump,  and  this  he  believes  to  be  the  true  explanation  of  the  interest- 
ing pheMMuenon. — Geo.  D.  Fullbr. 

Addisonia. — The  fourth  number  completing  Vol.  s  of  this  publication 
appeared  in  Di-rcmlMT  T020.  and  the  first  number  of  Vol.  6  appeared  in  March 
19^1.  The  fine  colored  illu^itrations  and  popular  descriptions  form  a  coUcctioa 
that  should  be  in  every  botanical  library. — ^J.  M.  C. 

Potassium  and  growth  of  plants.— SMirrr  and  Bi  tlkk'"  have  pubHshed  a 
report  of  rather  extensive  work  on  the  clTcxt  of  potassium  on  the  growth  of 
plants.  It  confirms  all  the  old  findings  and  gives  quantitative  data  on  several 
new  pUnts,— Wm.  CRoamt. 


••Sootoia,  R.,  Redindics  sur  I*«inbty<o8foie  des  Pofygooaote*  (suite).  BnlL 
Soc;Bot.FnDce  67: 75-85.  igso. 

"  ,  D6veloppement  de  I'embiyoa  ches  le  Ckenopodmrn  Botms-Etmiems  L. 

Ibid.  67:233-257-  fig^-  40-  1920. 

,  Embr>-(^Qie  des  LabKes.  DCvdoppement  de  rembiyoa  dm  le 
CMmia  heitracM  L.  et  Lamium  pmpmtwm  L.  Compt.  Rend  xgai :  48-50. 

 1  DCveloppemiait  de  rcndnyoa  ches  le  MmMa  mnUs  L.  Had.  1991 1 

IOS7, 1058. 

N  ,  Embrj'ogenie  des  Scrofulariac£e&   D^veloppement  de  rembiyon  ches 

k  Vtronka  antHsit  L.  Ibid.  1921 : 703-705. 

X  ,  Dfvdc^pement  de  rembtyott  ches  VUrHea  fiM^tn  L.  BtdL  See. 

BoL  Fnmce  M :  i7»-tS8;  280-394.  jff«.  57.  1921. 

Pr  M n y  r^mN,  C.  C,  Oveigiowth  of  Stumps  of  cooifen.  Can.  FkU  Nat.  ts:8i- 

87.  figs.  4.  1921. 

"Smith,  T.  O.,  and  Butlek,  O.,  Relaiioo  ot  potassium  to  growth  in  plants. 
Ann.  Botany  33:189-9x5.  1931. 
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VARIATIONS  IN  CYTOLOGY  AND  GROSS  MORPHOLOGY 

OF  TARAX.\Cra 

n.  SENESCENCE,  REJUVKNFSCENCE,  AND  LEAF  VARIATION 

IN  TARAXACUM 

COMTRIBUnONS  IROM  1HB  WJVL  WtMSnCAL  XABORAK»Y  W 

Favl  Bioblow  Ssaks 
{with  mine  flODlES) 

« 

'I he  variability  of  'rdrdxdtuni  has  frcqueiitly  been  recorded 
in  botanical  literature  without  recei\Tng  much  elucidation.  It  is 
less  often  an  object  of  investigation  than  of  amjecture  and  db- 
cuflsioiL  A  fev  botaauts  have  studied  the  effect  ol  enviioiuiiental 
&ctora  mxm  Taraxacum,  but  their  leniHs  have  not  deaxed  away 
taTODOPiic  difficulties.  Systematic  botanists  have  cither  looked 
iqH»  the  vaiiatlons  in  this  genus  as  ffiictuatioDS  or  slight  m 
and  then  proceeded  to  lump  or  split  as  judgment  mig^t  dictate. 
That  life  history  enrts  a  profound  influence  upon  loan  seems  gener* 
ally  to  have  eso^ed  attention. 

The  1910  supplement  of  Index  Kewmsis  (12)  lists  z  52  new  spedes 
as  described  within  hve  years,  mainly  from  Scandinavia.  Leaving 
aside  snch  overwhelzning  evidence  of  polymoipby,  it  is  interesting 
to  note  that  the  painstaking  monograph  of  Haxdxl^Mazbui  (zo) 
admits  fifty-seven  spedes.  These  fall  into  eievoi  sections.  Of 
these  eleven  sections  four  are  so  distinctive  that  none  of  their  species 
have  been  mistaken  by  preceding  students  for  either  T.  i-ulgare  or 
r.  laeoigatim.  In  each  of  the  remaining  sections  species  have 
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been  confused  at  various  tnuea  with  one  or  the  other  of  the  familiar 
Bpedes  named,  and  designated  accordingly  in  publicatians.  Beyond 
question  some  of  this  oonfusiaai  has  been  due  to  bad  taxonomy. 

There  is  ample  reason  to  believe  that  more  of  it  has  been  caused 
by  lack  of  defiiute  boundaries  between  spedes. 

Although  the  two  common  spedes  mentioned  are  pavthcnn- 
genetic,  sexual  species  are  known  and  hybrids  may  exist.  Aside 

from  this  p<Bsibility,  any  explanations  offered  for  the  overlap 
between  species  have  been  so  admittedly  hypothetical  (lo)  that 
they  need  not  be  rehearsed  at  this  ]>oint.  It  is  necessary,  however, 
to  take  in^ cntory  of  tlie  precise  iuforaiation  available  with  respect 
to  variation  in  Taraxacum  and  its  causes.  Tt  is  also  necessan-  to 
examine  the  nature  of  the  criteria  used  in  difierentiating  species 
and  species  ^oujis. 

Root.-  Generally  referred  to  as  perennial  \n'thout  xnodihcation, 
it  has  long  been  known  to  branch  multicipilaiiy  (4),  and  to  split 
into  separate  inili\  iclual.-.  (5). 

Stem— Usually  represented  only  b>  a  growing  point;  in  the 
absence  of  light  intemodes  develop  {20),  giving  rise  to  a  vertical 
rhizomfc  (cf.'  fig.  4). 

Leaves.— Although  taxonomists  admit  great  variability  and 
the  frequency  of  overlap  between  leaf  characters  of  different 
species,  it  is  a  fact  that  leaf  characters  are  extensively  used  in 
species  descriptions  and  often  in  distinctions.  "Habit"  as  indi- 
cated by  leaf  orientation  is  also  so  used  (3),  deqnte  a  hck  of  evi- 
dence that  the  light  responses  of  Taraxacum  dMer  from  those  of 
other  plants.  In  a  saturated  atmosphere  greatly  elongated  leaves 
are  produced  (ao).  The  reverse  is  true,  that  dry  air  shortens  the 
longitudinal  components  of  the  le:if.  although  Wiesner's  statement 
that  it  slightly  increases  d&section  is  open  to  question.  Arctic 
alpine  conditions  result  in  a  s\Tnmetrical  dwarfing  of  the  leaves  of 
transplants  (a).  Check  and  transplant  in  this  experiment  were 
of  equal  age,  and  show  little  difference  in  degree  of  leaf  dissection 
in  Bonnier's  original  figures.  Salt  itself  is  not  the  direct  cause  of 
sucailenci-  in  leaves  of  saline  soil  species  of  Taraxhnnn  (ii).  The 
rate  of  production  of  leaves  in  plants  of  identical  ugc  varies  with 
the  habitat,  being  less  in  strong  sunlight  than  in  shade  (ao). 
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HANDEtrMAZBTTi  (lo)  iKrttt  ft  juaxked  differeiice  in  the  late  at 
which  oldest  leaves  die  away  and  leave  tfadr  bases,  considering  it  a 
specific  chaiBCteristic. 

As  to  segmentation,  Goebbl  (9)  classifies  Taraxacum  with 
those  plants  which  produce  first  entire,  then  dissected  leaves,  but 
quotes  evidence  that  segmentation  is  ''richer"  in  temperate  than 
arctk  fonns,  and  in  well-nouTished  "  plants  than  in  "  half-starv  ed  " 
mca<low-moor  forms.  DeV^arigny,  as  quoted  by  Morgan  (14), 
places  his  own  construction  upon  the  matter  by  attributing;;  the 
fli<<ertion  to  dn*  soil  conditions  and  entire  leaves  to  hydrophytic 
ciuirunnirnt.  Frank  18!  states  that  leaf  dL-NcK^pmcnt  is  ba«i- 
ptlal.  the  tij)  :*egment  dcvelopinj^  rir>t,  SroRiw  (i7»  found  that 
uniionn  ruliurr  condition^  upon  seedlings  (of  identical  am*)  produce 
rather  umiorm  leaf  type,  regardless  of  kaf  form  extremes  in  the 
parcJils. 

ScAPF. — Thf  nomial  coutm'  of  changes  in  length  and  position 
throughout  lluwcring  ami  fruiting  arc  well  known  (15).  Frank 
states  that  in  alpine  species  the  scape  is  longer  in  crevice  plants 
than  in  those  growing  exposed. 

iKrixmsscKNCE.— Fasdation  Is  admittedly  a  nooheiitable 
chaiactcr,  and  was  detcnnined  by  Schosbaiow  (16)  to  be  due  to 
necbanical  pressure  during  the  period  of  most  active  flowering, 
<<tbe  tlnd  year.'* 

BxACTS.— In  taxononiic  woriu  these  lank  hi^^  as  criteria, 
the  characteristics  used  being  number,  color,  size,  fonn,  and 
position.  Nevertheless,  coosidcnble  variability  is  admitted. 
Handbl-Mazetti  notes  that  infection  by  SynckHrium  iaraxad 
converted  the  outer  bmcts  of  T.  viUgare  into  tho-c  ty|>iial  for 
T,  olpimm.  He  also  speaks  of  the  great  variation  in  comiculi  in 
many  species.  Fernald  (7)  found  very  complete  intergradcs 
between  T.  vuigare  and  T.  paJustre  in  bracts,  as  well  as  other  char- 
acters. Stork  rejwrls  that  uniform  culture  ronflitions  profhjre 
great  imiformity  in  seedlings  from  parents  with  widely  diilercAl 
bmrt  rhararters. 

I'l.'iwi  Ks  "H-vn'OEL-Mazetti  uses  approximate  rlowcr  jiujnber 
ii'  a  -pel  ill*,  criterion,  and  ^tati^  thai  tlowtr  toiur  i->  uiidouhtt  i|l\-  a 
tiusiwonhy  character,  although  useless  in  dealing  with  herbarium 
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wmtgikl.  Tlie  preaenoe  or  abaence  of  poDen,  used  by  sevenl 
Scandmavian  authors  as  a  specific  character,  is  considered  by  the 
authority  just  quoted  to  be  hi^aSy  vaiiable  within  the  apedes» 
unlesa  the  observations  of  other  men  were  erroneous. 

AcHENES. — These  are  generally  regarded  as  affoiding  the  most 
critical  taxonomic  characters,  that  is,  in  size,  form,  color,  beak 
length,  pappus  color,  ribbing,  and  tubercles.  Actually  size  is  no 
more  exempt  from  the  laws  of  fluctuation  in  Taraxacum  than  in 
any  plant,  v>-h\]e  form  is  subject  to  considerable  modifications  by 
pressure  during  development.  Handel -M.\zetti,  ho\vev«T,  states 
that  uniform  culture  conditions  have  less  effect  upon  acheiu  form 
than  upon  leaf  and  bract  characters.  Colors  var>-  from  dark  brown 
to  clear  green  in  T.  officinale  according  to  ScHORB.vrow,  who  states 
that  the  two  extremes  are  fi.xcd  ui  inheritance,  but  whether  he 
includes  T.  laevigaiutn  under  the  other  species  is  not  cl^r.  In 
Stork's  cultures,  chosen  from  parents  \'ar>ing  as  widely  as  possible 
in  achene  as  in  other  characters,  the  progeny  were  either  red  or 
gray  fruited.  Color  does  not  develop  until  the  outer  cells  die,  and 
in  nd  fruits  is  due  to  homogentisic  add  which  is  absent  in  gray 
ones  (zo).  Freedng  may  prevent  its  af/geanstcc  m  T,  lamgaiMm 
(17) .  Beak  length  is  nototfously  interfered  with  by  injury,  whether 
by  freeiing  or  mowing.  Pappus  color  is  said  by  HAMDEL-MAZEm 
to  be  due  to  diffraction  phenomena  and  not  pigment.  The  small 
species  group  characteiized  by  definite  pappus  color  is  therefore 
Hkefy  to  be  a  distinct  one.  Ribbing  is  due  to  the  number  of 
stereome  bundles  beneath  the  epidermis. 

Summarizing,  it  is  seen  that  wliile  bracts  and  achenes  are 
conceded  to  afford  the  critical  characters,  the  leaves  are  actually 
given  great  weight  in  spite  of  their  variability  and  the  uncertainQr 
concerning  its  nature.  There  is  also  not  a  little  evidence  for 
bract  variability.  Pappus  color  seems  dependable,  and  achene 
color  ought  to  be  generally  so,  barring  enviromnental  extremes. 

Observations 

Method.-  Scx  eral  years  of  desultory  observation  in  coimection 
with  other  ])ha>cs  of  this  work  having  failed  to  throw  the  necessar>' 
light  upon  the  problan  of  leaf  variation,  it  seemed  best  to  conduct 
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tfaonni^  studies  of  entire  plants  excavated  from  vaiious  liabitats. 
After  some  fifty  plants  had  thus  been  secured  and  studied,  several 
hnndzed  additional  ^ud  collections  were  made  for  confirmatory 
purposes.  Subsequently  all  conclusions  were  tested  rigorously 
by  field  observations  extending  ovar  a  period  of  fifteen  months. 
By  comparison  of  root  development,  color  and  texture  ol  oortiGal 
rind,  number  and  nature  of  withered  petiole  zcmes,  and  general 
condition  of  rosette,  it  was  found  that  the  age  of  a  given  plant  could 
be  told  with  considerable  accuracy.  With  this  technique  as  a 
basis,  attention  was  centered  upon  the  devekq[)imeQt  of  life  history 
details  and  leaf  form  changes. 

Life  history. — This  procc  luri:  rt  x  ealed  an  intimate  connection 
between  leaf  variability  and  lite  history.  The  first  consideration 
is  that  strict  accuracy'  forbids  speaking  of  Taraxacum  as  a  perennial 
pkmi  \\  itijnnt  qualification.  As  stated  by  SroRK,  Taraxacum  ordi- 
narily doc?  not  bloom  the  first  year.  Blossoming  occurs  freely  in 
both  species  throughout  the  second  year.  At  the  end  of  the  period 
of  most  active  flowering  (autunm  of  second  year  or  spring  of  third) 
the  vigorous  production  of  fiower  buds  forces  apart  the  inner  leaves 
of  the  original  vosette  with  their  asdllary  growing  points.  Fiom 
sodi  growing  points  arise  numerous  seoondaiy  rosettes.  As  a 
rule  aeveml  of  these  persist,  functioning  essentially  as  new  indi- 
vidnaby  in  spite  of  thdr  ronmion  root  ccmnertion.  Thioui^iout 
the  length  of  the  root  each  secondary  rosette  has  its  own  strand 
of  vascular  tissue.  The  individuality  of  the  parent  Tosette  can 
only  be  maintained  by  the  cortiGal  tissues,  and  these  mther  gener- 
ally become  cleft  by  fission  and  codt  mgrowdi.  Observation 
indicates  that  such  cleavage  is  hastened  by  conditiotts  favoring 
rapid  growth.  Cleavage  tends  to  become  ccn^lete  throughout 
the  root  length. 

Leaf  rojon. — The  relations  between  this  life  history  and  leaf 
form  is  intimate  and  direct.   The  first  leaves  of  a  seedling  (juvenile 

leaves)  tend  to  be  entire  and  smooth  (tig.  i),  later  becoming  more 
dissected  and  generally  more  hain.'  (tig.  2).  In  T.  laaigatum  this 
dissection  in  general  reaches  a  higher  d«*frrec  than  in  T.  vuigare, 
although  the  latter  species,  imder  concUlions  favoring  luxuriant 
growth  and  numerous  leaves,  finally  may  attain  an  extreme  degree 
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of  dissectkn.  When  multicipital  bnmcfaiiig  occurs,  tlie  new 
seomdary  xosettes  consist  of  leaves  of  JuvenOe  form,  tbat  is,  tending 
to  be  smooth  and  entire  (fig.  3).  Each  daugbter  rosette  iriiich 
persists  then  repeats  the  histoxy  of  the  parent  rosette  with  respect 
to  leaf  fom,  as  wdl  as  with  respect  to  flowenng  habits  and  eventual 


FteS.  I,  i.'^Fig.  2,  young  aeedHng  showing  rehitivdy  entire  leaf  form  and 

unhranched  crown;  fig.  3,  «.pHling  at  end  of  flowering  perioH  showing  hi^hK'  dis- 
sected leaf  form,  scars  of  juvenile  leaves  of  first  year,  and  beginnings  of  root  bsstoo. 


lejuvenatioii  (fig.  4).  Certain  modifying  factocs  must  be  con- 
sidered, l^or  example,  the  supply  of  reserve  food  in  rejuvenating 
roots  results  in  rosettes  that  are  often  unusually  vigorous  and 
decidedly  different  in  ai^>eaTance  from  seedlings  of  the  same 
degree  of  leaf  dissection.  Again,  it  not  infrequently  happens 
that  secondary  rosettes  on  the  same  root  are  of  different  ages,  and 
hence  different  leaf  fonn  (iig.  4).  This  is  bound  to  confuse  an 
observer  who  does  not  excavate  the  plant  and  inspect  it  carefully. 
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In  the  next  ])Lire,  Taraxacum  tniit-,  are  produced  throughout 
the  ^ownfj  scu>()ii  and  genninatr  rr.uh'K'.  ^■er\^  early  spring 
seedlings  may  \k-  ready  to  bloom  l)ciore  frost,  and  llien  resume 
blooTninp  the  foUowiji^  s])ri]ig,  equipped  with  highly  di^sfctcd 
leaxes.    Later  seedlings  wiii  not  bloom  until  Uie  following  spring, 


Fi<i.  i  Fio.  4 


Figs.  3,  4. — Fin.  3,  plant  durinR  fin*t  sejiMHi  fuUu.viiiK  rcjuvtnalion,  showing 
Juvenile  leaf  form  on  each  sccondaty  roiiette;  <1fKref  of  root  fission  ralbcr  unusual; 
fix.  4,  rejuvenatioo  of  buried  riown,  showing  formation  uf  vertical  rhirxttatu  (note 
leaf  scars),  wUch  secondary  thickening  will  tnutaform  into  roots;  note  presence  <rf 
rosettes  of  second  year  (leaves  highly  dksected)  and  of  fint  year  Clcnv«s  entire). 

bt  Lnniiiiiu'  with  somewhat  less  dissectetl  leaves.  Fall  seedlings 
frcqueally  seem  to  start  blooming  the  next  sprijig  with  almost 
entire  leaves.  In  other  words,  the  winter  rest  period  pennits 
many  young  plants  to  bloom  which  would  otherwise  require  a 
greater  degree  of  maturity  Of  senescence. 

The  same  relations  hold  tiue  of  rejuvenated  plants.  Secondary 
rosettes  which  have  started  early  begin  blooming  the  fdlowiog 
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spring  with  ven*  much  segmented  leaves.  Those  started  late  m 
the  year  begin  to  bloom  the  next  spring  with  nearly  entire  leax'es. 
It  is  not  inroncci\  al)le  tliat  7\  palustre  consist?  of  \i};orous  secondar}' 
rosettes  of  T.  vuigare  wliich  ha\c  rejuvenated  in  autumn,  or  for 
some  other  reason  flowered  in  more  juvenile  tomiition  than  usual. 
If  occasional  pure  stands  oi  such  a  type  are  to  be  found,  it  may 
e\en  be  suspected  tliat  ecological  conditions  tliere  favor  fall  germi- 
nation and  establishment  of  Taraxacum  and  fall  rejuvenation  as  a 
consequence.  More  or  less  entire-leaved  forms,  whether  reuarded 
as  diatijict  species,  varieties,  or  ecological  forms  of  T.  vulgar c,  are 
generally  arctic,  alpine,  or  tanperate  hydrophytic.  None  of  these 
habitats  favors  veiy  early  spring  genmnatioQ  or  long  growing 
season  before  blooming  the  second  year. 

Another  source  of  modification  comes  during  good  growing 
weather  in  the  case  of  plants  that  have  completed  their  flowering 
cycle.  Rejuvenation  by  mtiltidpital  branching  occurs  before 
•  the  last  flower  scapes  are  gone,  giving  a  cambination  of  juvenile 
leaves  with  the  scapes  which  characterize  senescence.  The 
senescent  leaves,  present  before  rejuvenation,  very  rapidly  die  and 
decay.  This  circumstance,  tiiat  early  leaves  die  as  new  ones  are 
]iroduced,  is  an  important  one.  The  plant  thus  rapidly  loosens  the 
boiul  connecting  it  with  the  earlier  condition,  resulting  in  an 
isolation  of  pseudot>pes  which  are  really  transient  phases. 

Field  obsers'ations  have  successfully  applied  Wtfsn'er's  finding 
of  the  effect  of  moist  and  dr\-  atni(i>phere.  w  hile  experiments  have 
verified  the  truth  ot  it.  The  i-t'tect  oi  a  xeruphytic  habitat  is  not 
to  increase  the  amount  of  dissection,  but  to  shorten  leaves  at  all 
staiees  of  senescence.  Juvenile  leaves  become  nearly  orbicular, 
wluria>  they  ma\-  l.)e  almost  apatuiate  in  a  habitat  with  low 
Irau^piration.  Seiicsi  ent  leaves  in  a  xerophytic  hal)itat  are  .>o 
shortened  that  lobes  and  incisions  become  sharply  triantrular. 
Senescent  leaves  in  a  non-xerophytic  habitat  arc  much  more  grace- 
ful and  very  different  in  appearance. 

AcHENES.— Aside  from  the  failure  of  red  pigment  to  devdop 
in  injured  fruits  of  r.  laerigaiimt  achene  color  seems  to  be  rather  a 
fundamental  character,  varying  m  degree  but  not  in  kind.  Homo- 
gentisic  add  is  a  highly  specific  substance  derived  from  tyrasin, 
and  neither  was  found  in  non-red  fruits,  according  to  Handel- 
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MAzsm,  already  quoted.  As  to  detaik  of  achiene  fonn,  it  is 
possible  to  find  la.  a  field  of  T.  vtUgan  and  T.  lamgakm  achenes 
vaiying  from  nearly  smooth  to  almost  shaggy.  As  a  lule  the  fonn 

seems  consisteit  in  the  individual  plant. 

Flowers. — Color  is  markedly  influenced  by  pigmentation  of 
styles  as  well  as  of  petals,  and  by  piesence  or  abamoe  of  ripe  poUeo. 
That  flower  number  per  head  may  not  always  be  relied  upon  as  a 
criterion  becomes  evident  from  field  studies.  Depauperate  plants 
whose  species  is  unquestionable  may  produce  a  surprisingly  small 
number,  as  few  as  fifty. 

Pollen. — In  the  spring;  of  1921  at  Lincoln,  Nebraska,  poUen- 
kss  plants,  both  red  and  gray  fruited,  were  found,  the  former  in 
abundance.  Microscopic  examination  sh  )\s .  d  that  pollen  develop- 
ment had  been  arrested  before  the  cr  liji^  had  separated.  Certain 
interesting  correlations  were  noted  in  tlie  red  fruited  pollenless 
forms.  The  leaves  are  invariably  dissected  less  than  the  maximum 
for  T.  lamgatum,  and  the  inner  biads  are  twelve  or  thirteen  In 
number,  containing  in  all  eigliteen  to  twenty-two  coiniaili  on  their 
greeniaht^  It  was  at  first  beKeved  that  this  reiaresents  a  distinct 
genetic  type,  and  such  indeed  may  be  the  case.  Search  revealed  a 
number  of  transitional  formsi  however,  irith  scant  pollen,  fifteen 
to  eighteen  leddish  bracts,  and  leaves  considentbly  dissected.  T, 
hevigalttm  itself  has  copious  poQen,  ej^teen  to  twenty  red  tipped 
bracts  each  bearing  a  comiculus,  and  leaves  heavi^  dissected. 
In  one  case  a  cemlnnation  of  the  two  extremes  was  obtained  on 
different  rosettes  of  the  same  old  root.  Quantitative  studies, 
'  quoted  by  the  courtesy  of  Mr.  H.  Pbglek,  show  that  the  degree 
<rf  leaf  dissection  in  the  pollenless  forms  increases  as  one  passes 
from  peripheral  to  central  lea\'es,  and  lies  exactly  between  the 
increasing  dissection  of  a  young  seedling  of  T.  laevigalum  and  the 
fluctuating  dissection  of  a  t^  jiical  adult  of  the  same  sj)ecies.  It 
is  not  unlikely,  therefore,  that  this  is  even  a  more  interesting 
case  of  isolation  oi  pseudotype  than  is  the  T.  painstre  ionn  of 
T.  vuli^iirc. 

Bk^icxs. -  iVside  from  the  case  just  described,  bracts  of  both 
species  have  been  found  to  varj-  noUibly  in  the  degree  of  de\  t.'Iop- 
ment  of  the  corniculi,  in  number  between  twelve  and  twenty- two, 
and  in  color. 
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RaOENERATioN. — Mot  lemoval  of  oiUer  ccmpeting  leaves 
does  not  alter  the  degree  of  senescent  dissectkm  of  those  subse- 
quently produced.  Removal  of  all  leaf  incepts,  down  to  undiffer- 
entiated mcristem,  results  in  production  of  juvenile  leaves.  The 
lliiiEomes  produced  by  etiolation  produce  juvenile  leaves  when  cut 
and  placed  in  a  moist  chamber;  in  fact,  after  secondar)-  thickening 
begins,  pressure  crushes  the  ])ith.  and  all  rhizomes  become  essentially 
roots.  Study  of  (ievelo])ing  leaves  shows  that  the  juvenile  leaves 
are  produced  by  a  disi)roi)ortionate  dcvelojmient  of  tip  segment  at 
the  ex]iense  of  the  rest,  while  dissected  leaves  result  from  a  more 
or  less  imiiorm  development  of  ail  segments. 

Quantitative  studies 

Method. — More  precise  analysis  of  the  rdle  of  senescence  as  a 
cause  of  leaf  dissection  being  desired,  quantitative  verification  of 
these  observations  was  obtained  from  studies  of  plants  growing 
under  wdely  dilTerent  natural  conditions.  Prints  of  each  successive 
leaf  in  each  rosette  studied  were  outlined  by  boimding  polygons,  and 
area  of  both  leaf  and  polygon  taken  by  means  of  a  planimeter. 
The  real  area  of  each  leaf  was  then  divided  mtn  the  diilerence 
between  real  and  ideal  (polygon)  area.  This,  it  \m11  be  seen,  gives 
a  percentage  expression  for  the  degree  of  dissection  of  each  leaf. 

It  was  fmally  deemed  necessar\',  in  order  properly  to  delimit  the 
problem,  to  investigate  some  of  the  correlations  which  more 
obviously  suggested  themselves.  On  the  whole,  these  center 
about  various  phases  of  conductive  effidency  of  the  xylem.  Root 
cross-sections  at  various  kvds  were  studied  to  detennine  whether 
any  correlation  could  be  noted  between  crosa-sectian  areas  and 
relative  age  ol  xylem  tubes.  Next  the  tube  diameters  were  care- 
fully measured  at  the  base  of  successive  leaf  petioles  in  a  number  of 
rosettes.  These  measurements  were  jnade  with  an  eyepiece 
micrometer  graduated  to  intervals  of  approxunately  3.33^1. 
Since  water  conducting  efficiency  of  a  given  ooss-secticm  of  capil- 
lary tube  is  a  function  of  the  fourth  power  of  its  ratlins  (r8),  the 
total  capacity  of  each  leaf  was  obtained  by  getting  the  sum, 
(diamctcr/2)^  of  all  its  xylem  tubes.  Mean  capacity  represents 
this  I'l'-iirt'  (ii\-i(led  by  the  number  of  tubes  in  a  given  leaf. 

The  ratio  of  total  capacity  to  leaf  area  was  also  obtained  in  an 
efiort  to  see  whether  it  might  be  correlated  with  degree  of  dis- 
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section.  Leaf  area  bang  given  in  tenns  of  square  millimeten, 

and  capacity  figured  in  terms  of  fourth  poiwers  of  micromilUnieten, 
the  latter  have  been  multiplied  by  io~"  to  get  both  sets  in  tenns  of 

a  common  \mit.  For  the  sake  of  conqnctness  these  figures  are 
multiplied  by  10*  before  tabulation,  as  noted  in  tables.  The 
foregoing  data  will  be  found  listed  in  tables  I-VA  and  plotted 
in  figs.  5  and  6.  Here  are  also  included  counts  of  the  nimiber  of 
\ein  islets  per  unit  area  of  leaf,  taken  at  mid-distance  between 
margin  and  midrib  and  averaged  from  several  counts  in  each  case. 


TABLE  I 

lUqiOEMCIES  OF  XYLEM  TUBES  lOK  SUCCES8IVS  IiBAViS  Of 
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TABLE  UA 

Otbxk  data  wbl  svccEssn-E  leavzs  of  seedlixc  plant  SB 
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nXQITENCIES  OF  XYLKM  TVBKS   TOR   SUCCESSFV'E  UAVBB  Of 
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TABLE  IV 

DlAM£TER  FRSQUEJiCIES  OF  XVLEU  TUBES  FOE  SUCCESSI\X  XJEAVES  UK  SKEULtSG 
PLANT  SD;  EACH  UNIT  SZPSESEMn  3.3  |i 
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TABLE  V 


or  xvucK  tuna  noL  suucnsivx  UAvn 

PLANT  R;  EACH  imiT  REPKESENTS  3-3/1 
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For  comparative  purjioscs.  distortion  fi^!rr<  have  been  worked 
out  s(i  far  as  trustworthy  available  data  pennit.  These  are  based 
upon  changes  produced  by  senescence  (original),  depauperation 
(2),  and  moisture  (20).  It  is  to  be  rej^retted  that  the  only  estab- 
lished facts  with  regard  to  light  are  its  axiomatic  elTects  upon  leaf 
position  and  the  eflFect  of  darkness  in  stimulating  the  production 
of  Lnlemodes.  The  method  used  in  working  out  these  figures 
sliould  be  apparent  from  itispection,  and  can  be  found  adequately 
discussed  by  Thompson  (19). 

In  additkm  to  these  methods,  microdiemical  studies  were  nude 
thiDUi^out  the  simmier  of  1921  on  tissues  of  T,  vtdgare  plants  in 
all  stages  of  senescence  and  rejuvenescence. 

Results. — In  general  it  will  be  noted  that  the  percentage  of 
dissection  in  various  plants  of  T,  vidgam  tends  to  rise  at  a  imifoan 
rate.  Studies  of  second  year  flowering  plants  indicate  that  after  a 
vahie  of  0.5  is  attained,  the  degree  of  dissection  fluctuates  about 
that  as  an  appioziniate  mean  until  late  in  the  flowering  period. 
Then,  as  previously  noted,  if  many  leaves  have  been  produced, 
the  curve  may  rise  to  a  higher  value. 

With  respect  to  T.  lartigatum,  fewer  detcnninrttions  are  at 
hand  and  none  are  listed.  All  that  have  be'^i  inade  indicate  that 
the  rate  of  increase  of  dissection  is  not  so  rapid,  hut  continues  until 
a  value  of  about  0.8  is  reached,  fluctuating  about  this  vahie  during 
the  adult  pcriofl  proper. 

That  the  increase  in  degree  of  dissection  is  not  merely  a  veiled 
egression  of  progressive  decrease  in  leaf  area  is  evident  from  5. 
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It  will  be  noted  that  absolute 
leaf  area  decreases  rathenini- 
fonniy  m  5C»  a  seedling  plant 
grown  under  apparently  fa- 
voiable  conditioBS.  On  the 
other  band»  5D,  a  seedling 
that  started  under  hard  con- 
ditions (tight,  dry  clay) .  shows 
a  gradual  unifonn  increase* 
Of  course  these  fact^  are 
established  easily  by  familiar 
observation,  but  they  are  men- 
tioned here  to  shmv  the  posi- 
ti\  c  necessity  of  studies  ha.>c(i 
upon  lield  nialcrial  growing 
under  vary  in  natural  ( ondi- 
tions.  Not  only  here,  hut  in 
connection  with  studies  of 
X)  Icm  eai)aeit\\  very  errone- 
ous idca,i>  of  scncscciil  correla- 
tion might  have  been  obtained 
by  limiting  studies  to  uni* 
formly  grown  cuhurematerial, 
as  a  glance  at  the  graphs  will 
show. 

Total  and  mean  xylem 
duct  capacity  measured  and 
computed  as  stated  show  a 
seeming  coneUtion  with  de* 
gree  of  senescence  in  the  cases 
of  SB  and  SC  seedlings,  and 
somewhat  less  in  the  case  of 
J^,  a  secondar>'  rosette.  The 
possibilit}-  that  this  correkr' 
tion  is  real,  howe\'er,  is  quite 
upset  by  data  on  the  depau- 
perate soxlUngs  SA  and  SD. 
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Flo.  6.—Se«  ciptoiwtkm  of  fig.  5 
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Both  of  the  latter  showed  steady  increase  in  leaf  dissection, 
although  through  an  accident  to  the  print  of  SA  its  dissection 
data  could  not  be  wcirkcd  out.  As  wth  leaf  area,  therefore,  total 
and  mean  duct  cai)acity  are  plainly  influenced  by  some  factor 
Other  than  senescence,  doubtless  emironmental. 

Essentially  the  sjmie  statement  may  be  ma<le  "with  respect  to 
the  ratio  (duct  capacity  leaf  area)  and  to  Benedict's  (i)  cri- 
terion (vein  islets  /  unit  leaf  area),  from  which  we  may  at  least 


Fto.  7. — Showing,  from  left  to  right,  effect  of  senescence  on  successive  leavei  of 
iMette;  cootdlnates  nm  tbiou^  homoloflMtt  pointi  ia  Mdi 


with  safety  conclude  that  the  criterion  for  senescence  in  Vitis  cer- 
tainly is  no  criterion  in  T.  vulgare.  Since  the  completion  of  the 
present  work,  Ensign  (6)  has  shown  a  similar  lack  of  correlation 
between  vein  islet  area  and  age  in  several  genera,  including  even 
Vitis. 

Distortion  fij^iires  for  senescent  change  (fig.  7)  are  chietly  of 
value  in  showing;  that  the  successive  sets  of  forms  in  a  rosette  caa 
be  homologized.  Tiie)  likewise  show,  what  seems  clear  from 
iiii^>ectioii  of  ordinary  leaves,  that  the  increase  in  degree  of  dis- 
section is  the  resuh  of  an  increasing  degree  of  infaibidon  of  the  tq> 
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segment  and  oi  expression  of  the  folloniag  segments.  Fig.  8, 
derived  iram  Bonnie&'s  (a)  tzansplanting  experiment,  shows  in 
leaves  of  corresponding  age  a  rather  tmifonn  reduction  of  coordi- 
nates throughout,  that  is.  more  or  less  s^Tnmetrical  reduction  of 
leaf  size.  Numerous  ohscr\'ations  of  the  -WTiter  upon  potted  speci- 
mens of  the  same  age,  growing  side  by  side  but  in  pots  of  different 


Fic.  8  Fic.  0 


Firs.  8.  Q.  Fip;,  R.  showinjj;  rrlativcly  uniform  'Iwarfing  brought  .nJioiit  by 
alpine  conditions  (right)  as  compared  with  lowland  (left);  after  Bonnier;  fig.  9, 
dwwing  great  iocmise.  partkulariy  in  length,  piodttoed  by  Bfttunted  (right)  aa  cani> 
pucd  with  Bomewhftt  dry  «ir  (left):  after  WiEUmk. 

sizes,  indicate  that  synmietrical  dwarting  ((lepaiiperation)  docs 
occur  without  greatly  inf!uencin)^  leaf  fonu.  Under  such  conditions 
the  depauperate  spctimeas  produce  markedh-  fewer  leaves,  and  as 
a  consequence  may  be  ready  to  bliMmi  Iniore  dissection  has  pro- 
gressed quite  so  far  as  in  normal  thrifty  six'cimtns.  Facts  of  this 
nature  must  be  thoroughly  understixnl  before  "alpine"  fonns  of 
t  araxacum  are  pronoujiccti  disLiiict  species,  or  tlie  generalization 
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Ijum 


drawn  that  uniavorabk  coDditions  per  se  toad  tx>  produce  entire 

leaves. 

Wiesner's  figures  of  the  ctTect  of  increased  moisture,  while  in 
general  borne  out  by  the  -wTiter's  obser\'ation<5,  must  be  accepted 
with  resen'e  upon  one  detail.  It  is  by  no  means  certain  that  the 
slight  degree  of  dissection  \'isible  in  the  smaller  dr>'-air  leaves  can 
be  attributed  to  enviruiuiitiital  factors  (fig.  g).  As  previously 
noted,  WiESNER  merely  indicates  that  both  sets  of  leaves  were 
from  the  same  parent  plant.  It  frequently  hi4>pens  that  multidpi- 
tal  lifisdws  Hi  VBxious  ages  occur  iiiMiii  the  time  taproot  (fig.  4). 
Ezpoimeiits  sibofw  that  the  moist-air  leaf  ivfakfa  he  figures  is  the 
typical  fomi  obtained  by  placing  a  juvenile  rosette  ivith  undis- 
sected  leaves  beneath  a  beUjar.  Furthennore,  the  driest  ooodi^ 
tiims  tinder  wfaicfa  Twvxaeim  'mH  grow  do  not  prevent  the  nonnal 
sequence  of  entire  leaves  followed  by  more  dissected  ones,  althoui^ 
it  is  qohe  conoeivmble  that  they  my  affect  the  rate  of  senescence. 
In  the  last  place,  if  a  mature  rosette  be  placed  in  saturated  air, 
dissected  leaves  are  produced  tmtil  rejuveoation  occurs.  The  dis- 
tortion figures  show,  bearing  these  reservations  in  mind,  that 
saturated  air  causes  productioa  of  leaves  that  are  larger  and  con- 
siderably longer  than  those  grown  in  drier  air. 

Microchemical  tests  upon  plants  of  various  ages  and  degrees  of 
leaf  dissection  have  revealed  a  number  of  points  of  physiological 
interest,  of  which  only  one  v\ill  be  mentioned  here.  In  all  plants 
tested,  from  whatever  habitat,  juvenile  leaf  form  was  accompanied 
by  high  nitmte  tests  and  little  reserve  carbohydrate.  This  is  not 
unique;  unpublished  studies  of  Eck^rson,  working  with  Kraus  at 
Wisconsin,  show  that  leaf  dissection  of  tomato  is  increased  by 
scarcity  of  nitrate  as  compared  with  carbohydrate.  It  is  moreover 
of  interest  to  recall  Long's  (13)  linding,  that  inner  leaves  of  TaraxO' 
cum  rosettes  are  richer  in  photosynthate  than  outer. 

In  conclusion,  it  is  to  be  noted  that  a  rather  extensive  survey  of 
published  species  deso^tkns  reveals  that  a  considemble  ntDuber  of 
them  mU  fit  variants  of  either  7.  wlgare  or  T,  laerigaiuM  caused 
by  the  interplay  of  the  factors  that  have  been  described.  While 
this  statement  is  presented  upon  the  writer's  responsibility,  without 
detailed  data,  it  may  readily  be  verified  in  one  case  by  an  inspection 
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of  the  figure  and  description  of  Leontodon  latilobum  given  in  Brixton 
and  Brown's  Illustrakd  flora.  2d  ed.  It  is  clearly  a  juvenile  rosette 
and  hence  not  a  valid  type  for  comparison  Po'^sibh-  it  is  flowering 
in  the  juvenile  condition  becau'^e  of  an  autumnal  st^irt  followed  by 
a  winter  rest,  as  pre\iously  clr^t  ritjcd.  It  certainly  may  be  a 
legitimate  distinct  species,  and  so  may  a  great  many  others,  but  it  is 
not  \u<)  much  to  suggest  that  taraxacologists  have  been  ignoring 
r  M  urces  of  error,  and  to  insist  that  future  diagnoses  be  placed 
upon  a  satisfactory  physiological  basis. 

SptmiMify 

1.  Senescent  and  rejuvenescent  change  in  leaf  fonn  is  a  prime 
factor  in  produdng  vamtums  in  Tarasaieum  vtUgare  and  T.  Uuvigatum, 

2.  SenesoeDce  piodiices  a  steadily  increasing  degree  of  dis- 
.  aection,  and  irequentfy  of  hairiness;  rejuv«nesoence  restcses  the 

unscgmcnted  juvenile  seedling  leaf  fonn. 

3.  These  changes  aie  independent  of  changes  in  (a)  absolute 
leaf  aiea,  (2)  total  ^Icm  duct  capactQr  in  successive  kaves,  (c)  mean 
xykm  duct  capacity  in  successive  leaves,  (d)  latio  of  total  cqmdty 
to  leaf  area,  and  (e)  number  of  vein  islets  per  unit  aiea  tA  leaf. 

4.  Senescence,  however,  is  accompanied  by  a  marked  increase 
in  caifoohydiate-nitiQgen  ratio  and  lejuvenescence  by  its  abrupt 
decrease. 

5.  Environmental  factors  are  of  secondary  importance  in  so 

far  as  studied.  Moist  atmosphere  causes  elongation  of  leaves. 
Time  of  vredirig  may  govern  time  of  flowering  and  rejuvenation; 
this  in  turn  may  affect  degree  of  dissection  in  plants  at  flowering 
time. 

6.  Pure  stands  of  Histinctive  variants  in  certain  cases  may  be 
ej^lained  by  enMroimiciUal  control  01  seed  germination  time. 

7.  The  majority  of  so-called  specUic  characters  in  Taraxacum 
arc  subject  to  extreme  fluctuation. 

8.  These  fluctuations  in  other  than  leaf  characters  arc  in  some 
cases  due  to  senescent  change,  in  others  to  environmental  factors, 
but  mostly  to  causes  not  known. 

9.  Sudi  fluctuations,  together  with  senescent  and  ecok^cal 
changes  in  leaf  foxm,  are  potent  enough  when  working  upon  the 
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two  common  species  to  produce  phenoiypcs  duplicating  many  so- 
called  species. 

l  o.  Many  such  species  may  be  valid,  but  so  far  the  physiological 
evidence  has  not  been  obtained. 
University  of  Chicago 
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ANATOMY  OF  EQUISETUM  dGANTEUM 

Isabel  M.  P.  Bkowns 
(with  seven  figures) 
I.  Material 

While  studying  the  anatomy  of  the  cone  of  EquisetMm  pgan^ 
teiiin  serial  preparations  were  made  of  some  of  the  tQyper  nodes 
of  the  fertile  branches.  These  branches  are  small  and  usually 
possess  eleven  rilis  and  bundles.  The%'  were  collected  in  Chili 
by  PrDfc^^or  J\  C.  McLean,  who  most  kindly  handed  them 
over  to  me.  Serial  transverse  sections  have  also  been  prepared 
from  the  upper  part  of  a  large  young  main  stem  of  E.  gi^anteum 
from  the  West  Indies,  for  which  I  am  indebted  to  Professor  F.  W. 
OuvF.R.  This  series  of  sections  extended  from  a  level  distinctly 
below  one  luxle  to  a  point  near  the  uppn  h'mit  of  the  next  node. 
The  complete  intemode  was  about  i  cm.  m  kiigih,  and  would 
doubtless  have  elongated  much  more.  This  stem  had  thirty-two 
bundles  and  ribs. 

So  far  as  I  am  aware,  all  acanmts  of  the  anatomy  of  E.  gigotUeum 
since  Mzldb's  (ii)  in  1867,  are  baaed  upon  a  short  description 
by  Gwynnb-Vavgban  (7)  that  appeared  in  1901.  As  my  observa- 
tions differ  in  some  points  from  Yds,  ^umI  in  otfacn  supplement  and 
CQofiim  the  details  given  by  him,  it  seems  advisable  to  publish  a 
short  acGOimt  of  the  speomens  studied. 

II.    Node  of  young  mam  stem 

Taking  first  the  large  young  vegetative  stem,  th*'  internode 
possesses  a  wide  central  caxity.  about  6  nmi.  in  diameter,  tht  total 
diameter  of  the  stem  being  about  7.75  mm.  The  bundles  are  u\  cil 
in  shape,  with  the  longer  axis  directed  radiall}-,  and  each  is  sur- 
rounded by  a  separate  endodermis.'  The  vailecukr  canals  are 
about  the  size  of  the  bundles  and  of  much  the  same  shape  as  these. 
Under  each  rib  of  the  stem  is  a  tooth  of  sderenchymatous  fibers, 

*  Li  none  of  the  intemodet  cnmined  was  any  trace  observed  of  the  common 
outer  siMRtb  of  the  bundles  figured  by  Unm  (pt.  «r,  Jig.  4). 
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projecting  iinvard  to  wiihin  one  to  four  ceils  of  the  endodennis 
surrounding  the  bundles. 

The  carinal  canals  are  large,  especially  considering  the  \  i>uiii 
of  the  specimen,  and  occupy  about  one-third  of  the  bxmdlc.  The 
remains  d  one  or  two  tndidds  may  adhere  to  the  edges  of  the 
cBijnal  canal,  but  all  trace  of  the  protoxylem  has  liequenUy  dis- 
^)peared  over  long  stretches.  The  metazylm  fmsns  two  lateral, 
nearly  parallel  bands  that  conveige  slightty  towaid  the  periphery 
of  the  bundle.  Usually  each  band  consists  of  a  single  row  of 
tracheids,  atthouj^  loodly  there  are  often  two  tracheids  lying 
side  by  side,  hk  any  case  the  band  of  metaji^km  is  mailciedfy 
nanower  towaid  the  pci^hety  of  the  bundle,  because  the  tiadidds 
here  arc  always  much  smaller.  The  tracheids,  of  which  each 
band  contains  from  seven  to  fifteen,  usually  about  twelve,  increi^ 
steadily  in  size  toward  the  interior  of  the  bundle.  This  "inter' 
nodal  '  condition  of  the  bundle,  which  in  essentials  is  that  char- 
acteristic of  the  whole  genus,  is  shown  diagrsmmaticaUy  in  fig.  x, 
stage  I. 

The  node  was  slightly  oblique,  so  that  a  section  apparently 
nearly  accurately  trans\erse  of  the  individual  strands  showed 
many  different  stages  oi  nodal  development.  In  the  diacrramniatic 
tigurcs  a(K  antage  has  been  taken  of  the  opportunity  to  iihow  two 
or  three  neighboring  ljundles  in  successive  stages. 

The  increase  iji  the  amount  of  nietax^  lcm  tirst  become:,  ;ipparent 
about  1200^1600^  below  the  level  of  the  actual  departure  of  a 
trace.  The  additional  tracheids  are  sittiated  between  the  inner 
ends  of  the  bands  ti  mctaxylem.  There  is  no  regularity  in  their 
order  of  development.  Sometimes  the  first  to  lignif  y  are  those  in 
contact  with  the  tracheids  of  the  lateral  bands,  but  at  other  times  the 
first  additional  tracheids  to  be  foimed  He  In  the  middle  of  the 
parenchyma  between  the  bands  (fig.  i,  stage  a).  These  tracheids 
are  much  smaller  than  the  relathrely  large  lylem  dements  situated 
near  the  inner  ends  of  the  lateial  buids  on  wliicfa  they  abut.  Gen* 
erally  the  crossbar  which  is  thiis  formed  is  at  first  onty  one  trachdd 
deep,  but  it  may  attain  locally  a  depth  of  two  or  three  tracheids, 
even  before  the  bar  is  complete.  Pari  passu  with  its  fonnation, 
Other  relatively  large  tracheids  develop  in  contact  with  the  inner 
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ends  and  flanks  of  the  htenl  bands  of  netsigdan*  This  phase 
Is  lepfescntad  hi  fig.  i,  stage  3.  Dmhig  these  and  the  two  subse- 
quent stages  figured,  certain  partially  torn  denMOCts  of  protoixylem 
may  be  found  adhering  to  the  caihial  canaL  Their  pcesenoe  Is 


5  6  7. 

Fro.  t.— StiwH      dnwinf  duuBgn  mdasone  bjr  ImAvIiImI  boidlai  in  lower 

part  of  noflal  rcRion  i xylcm  shown  as  black  and  cndodermis  as  broken  line) :  u,  central 
cavity  of  axis;  pc,  vallecular  canal;  carx,  carinal  canali  px,  piotozylem;  i/,  smaU 
tndhMUs  of  OMtttQian;  p.tMt  piotcphloan;  /9BJr,pratoiyleni€{t»oe;  M«Jr,BMte- 
xylemoftiaoe;  fi,i»iaiclqrBiBtowdinthnnoaiidiagdcp«itiD^ 
Xiao. 

vtTf  inconstant;  they  may  be  absent  from  many  consecutive 
sections,  nor  is  their  frequency  correlated  with  the  increase  in 
l^lem  which  continues  as  the  ntxle  is  approached. 

As  we  pass  upward,  the  tracheids  of  the  crossbar  increase  iii 
number  and  size,  especially  in  its  median  region,  where  the  increase 
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kads  to  the  formation  of  an  outwardly  projecting  tooth  (fig.  i, 
stage  4).  The  tracheids  at  the  outer  edge  of  the  tooth  are  veiy 
small,  and  have  exactly  the  same  appearance  as  those  at  the  outer 
edge  of  the  parallel  bands  of  metax>'lem  {si  of  the  figures).  Their 
thirkeninp:  apprar-  to  be  a  fine  reticulum.  The  more  internal 
elenunts  of  the  iiu-taxA-Icm,  both  those  of  the  crossbar,  wliich 
becomes  radially  (U  eix  r.  and  tln)se  at  the  thickened  base?  of  the 
former  intemodal  lateral  baiids,  assume  more  and  more  tlie  appear- 
ance of  typical  nodal  tracheid.-  of  Equiselum;  some  of  tliem  are 
already  much  widened  radially.  The  bundles  increase  in  width, 
but  are  still  separated  by  intervals  wider  than  themselves.  The 
cariiial  canals  arc  still  large,  but  becume  narrower  radially.  The 
median  tooth  of  metaa^lem  eventually  projects  nearly  as  far  as 
the  ends  of  the  lateral  bands  and  the  concavities  between  it,  and 
then  becomes  much  shallower,  owing  to  the  great  increase  in 
number  of  nodal  tracheids.  This  is  the  phase  shown  in  fig.  i, 
stage  5.  The  small  concavities  in  the  xylem  on  eadi  side  of  the 
median  tooth  seem  to  be  occupied  chiefly  by  metaxphloem. 

Soon,  after  this  stage  has  been  reached,  the  smaller  outer 
tracheids  of  the  median  tooth  be^n  to  project  more  and  more,  and 
the  tooth  becomes  less  acute  in  outline.  At  the  same  time  two  to 
four  rows  of  tracheids,  lying  internally  to  these  small  projecting 
tracheids,  arc  replaced  by  parench)Tnatous  odls.  In  this  way 
the  inner  part  of  the  bundle  is  di\ided  by  a  narrow  parenchymatous 
gully,  continuous  with  the  two  or  three  layers  of  parenchyma  that 
separate  the  carinal  canal  from  the  nodal  tracheid.s.  The  carinal 
canal  is  now  markedly  narrower  radially,  and  usually  contains  at 
its  outer  edj^e.  (»]iposite  tlie  parenchymatous  giilh',  the  remains  of 
two  or  three  partially  disorganized  tracheids.  This  condition  is 
represented  diagrammatically  in  fig.  i.  sta);e  6.  .Mmost  immedi- 
ately after  the  formation  of  the  i)arench\Tnatous  [irully  a  few  of  the 
partially  disorgani/.ed  trae}ieid>  of  the  proto.xylem  may  be  seen  to 
bend  outward  from  the  carinal  canal,  wliich  here  bulges  a  liLile 
outward.  These  tracheids  now,  no  longer  disorganized,  run  through 
the  parenchymatous  gully  and  fuse  with  the  small  oval  mass  of 
tracheids  that  forms  the  upward  ccntinuation  of  the  small  tracheids 
at  the  apex  of  the  median  tooth  of  metaxykm.  These  latter 
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dements,  constituting  the  metaj^lem  of  the  trace,  «ie  moie  numer- 
ous than  the  protozykm  elements  that  i»ass  out  into  the  leaf. 
The  metaxylem  of  the  trace  detaches  itself  from  the  nodal  tracheids 

of  the  bundle  before  the  phloem  of  the  trace  is  set  free  from  that 
of  the  axis.  The  endodcnnis  of  the  bundle  is  begmniug  to  bulge 
out  somewhat  opposite  the  trace  that  is  preparing  to  depart. 
During  its  passage  through  the  bundle  (fig.  i,  stage  7)  the  proto- 
x\-lem  of  the  trace  is  ver>'  clearly  distinguishable  imdcr  the  micro- 
scope from  the  mctaxA  lorn.  because,  in  a  trans\'ersc  section  of  the 
axi?.  the  protoxylem  runninjz  out  from  the  carinal  canal  is  cut 
almost  longitudinally,  while  the  metaxA  leni.  some  of  the  elcinents 
of  which  are  not  much  larger,  is  moving  so  .slowly  and  steeply 
upward  and  outward  that  its  tracheids  are  cut  almost  transversely. 
When  tlie  junction  of  the  protox}  lem  witii  the  metaxylem  has  been 
eflFected.  the  tracheids  of  the  former  beml  sharply  upward  and 
puiisuc  the  same  steeply  oblique  course  as  the  elements  of  the 
metaxylem.  At  this  level  the  protox>dem  is  again  disorganized, 
90  that  the  trace  contains  a  small  protoxylem  caoaL  This  at 
first  Hes  at  the  inner  edge  of  the  wood,  but  soon  becomes  somewhat 
internal  in  position,  so  that  the  xylem  of  the  trace  becomes  mesarch 
almost  at  once.  Before  the  trace  is  set  firee  its  protoxylem  has 
assumed  an  ^yproximate]^  centzai  position. 

When  the  protoxylem  has  passed  through  the  paienchymatous 
gaXfyt  two  to  four  rows  of  parenchymatous  cells,  resembling  those 
occuiiing  below  and  on  the  sides  of  the  departing  protoxylem, 
are  found  above  the  latter.  Thus  the  protoxylem  runs  through  the 
nodal  tracheids  surroimded  by  a  sort  of  parenchymatous  sheath.* 
Immediately  above  the  cells  of  this  sheath  nodal  tracheids  again 
form,  leavinjr.  however,  a  parenchymatous  notch  opposite  the 
point  of  departure  of  the  x^'lem  of  the  trace. 

Conoirrcntly  with  the  a])pearanre  of  these  tracheids  the  carinal 
canal  becomes  much  narrower  radialh-,  and  frequently  contains 
a  certain  number  of  somewhat  torn  tracheids.  It  usually  at 
this  stage  that  the  no<lal  xylem  of  adjacent  bundles  l)ect)me>  con- 
fluent.   This  union  may  take  ])]ace  in  two  ways.    Where  (as  was 

'  SiK  h  n  parancbymatous  gully  hu  also  been  obaerved  at  the  nodes  of  £.  paiusirt 

and  h.  kicmaie. 
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tbe  case  at  the  points  of  junctioiii  of  by  &r  tbe  greater  nmnber  of 
Imndks)  the  stele  of  a  bnodi  ma  inserted  on  the  aiial  stde^ 
the  bundles  of  the  latter  fixst  became  united  by  their  outer  ends. 

Bierethenodalxylcmunitestofomiasartof  aicfa  (fig.  2,  stage  Sb). 
The  curve  of  this  axch  constitutes  the  outer  and  lower  half  of  the 
continuous  hollow  central  cylinder  of  the  branch  at  its  obJiqae 
insertion  on  the  axial  stele.'  At  a  slightly  higher  level  the  more 
internal  nodal  xylem  also  becomes  confluent,  iisually  at  a  point 
about  halfway  between  the  periphery  of  the  nodal  x>^iem  and  its 
inner  edge  (fig.  3,  stage  9).  Tlie  tiacheids  at  and  near  this  junction 


Fig.  2. — Stages  8<i  and  b:  xJr  xylem  of  trace;  brjcJr,  xylem  of  branch  trace; 
odier  letterings  in  fig.  I ;  X  about  lao. 

mark  the  insertion  of  the  inner  higher  portion  of  the  continuous 
ring  of  wood  of  the  branch.  At  this  level,  however,  the  lower 
outer  edge  of  the  siphonostele  is  no  longer  \isible,  so  tliat  no 
single  section  shows  the  complete  siphonostele  of  the  branch  and 
the  continuity  of  its  *'pith"  with  that  of  the  stem.  WTiere  no 
branch  is  given  olT,  the  bundles  become  laterally  united  in  their 
middle  regions  b\-  a  narrow  neck  of  \ylem,  as  shown  on  both  sides 
of  the  bundle  in  lig.  2,  stage  Sa.  Tliis  neck  of  xylem  rapidly 
thickens.  The  special  endodermes  lie  outside  the  nodal  tracheids, 
and  their  fusion  precedes  the  junction  of  the  xylem  ci  adjacent 
bundles.^  As  we  pass  upward  certain  cells  on  the  adjacent  sides 

i  For  a  fuller  description  of  the  insertion  of  tbe  vascular  system  of  the  branch  on 
that  of  the  iton,  see  Fnxxn  (la,  pp.  329-330,  pi.  io,fyt.  19,  ao, 

4  A  fuller  ncoount  of  the  bdiavior  of  tbe  qiectal  endodenncs  at  the  nodes  will  be 

found  in  PFirzEn's  (la)  description  of  tbdr  distributioii  at  tbe  nodes  of  E,  ttmmm 

and  E.  litoraU. 
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ol  two  endodermal  sheaths  are  replaced  by  single  endodennal 
cdb,  fwnnnnn  to  both  bundles.  A  fittk  hfg^  still  these  sinc^ 
cndodemal  cells  are  replaced  by  nodal  txadieids,  and  the  q)edal 

endodennes  by  the  common  inner  and  outer  endodeimes  typical 
of  the  v^etative  nodes  throughout  Equiselum.  When  a  branch 
is  to  he  given  off,  the  inner  endodennis  projects  outward  in  a  loop 
inside  the  arch  of  x>'lem  representing  the  outer,  lower  insertion  of 
the  ramular  siphonostele  (fig.  2,  stage  86).  In  such  a  case  the 
endodermal  cells  at  the  inner  narrow  end  of  the  loop  fuse  before 
the  junction  of  the  nodal  tracheids  in  this  region.   The  endo- 


lettenng  as  in        i  and  2;  X  about  lio. 

dennb  of  the  brsadi  is  tints  in  continidty  with  the  inner  cndoden^ 
oltheaiis. 

To  return  to  the  caiinal  canals,  these  dwindle  rapidly  after  the 
nodal  tiBcheids  have  spread  over  the  parendiymatous  sheath, 
and  soon  diaappeu.  As  most  of  the  medianly  situated  protoxykm 
tnduids  have  departed  into  the  leaf,  this  region  consists  chiefly 
of  paicndiynia,  in  irbish  are  sometimes  foimd  a  few  tracheids  that 
die  out  as  we  pass  upward.  A  few  of  the  protoxylem  elements, 
however,  forming  the  upward  continuation  of  the  elements  at  the 
sides  of  the  carinal  canals,  may  be  seen  perskting  as  two  little 
groups  on  each  side  of  the  parench\Tnatous  sinus  that  replaces 
the  carinal  canal.  At  the  same  time  the  parenchvTnatous  depres- 
sion in  the  outer  edge  of  the  nodal  wood.  opix)site  the  departing 
trace,  deepens,  as  is  shown  in  fig.  3.  stages  q  and  10.  Meanwhile 
the  inner  endodeimis  becomes  involuted  into  the  parenchymatous 
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sinus  at  the  inner  edge  of  the  x^  Icm  (stage  lo).  This  sinus  lies 
opposite  that  in  the  outer  edge  of  the  metaxylem,  and  the  latter 
is  l^roken  in  this  region  by  the  deepening  of  both  notches;  through 
the  break  inner  and  outer  endodcmies  lieronie  conlluent.  Soon 
the  endodemiis  becomes  double  in  the  region  of  in\olution,  and 
two  separate  bundles  arc  reconstituted,  alternating  with  those  of 
the  intemode  below.  The  inner  part  of  the  endodemiis  of  the 
departing  trace  arises  as  a  duplication  of  that  part  of  the  invagi- 
nated  endodemiis  that  constitutes  the  bundle  sheath  of  the  new 
bundles  at  the  sides  <rf  fhe  paiencfayniatous  depresiioii  in  tlie 
outer  edge  of  the  nodal  xylem.   It  is  at  this  moment  that  the 


Fig.  4.— Stages  1 2-14:  ttUr,  endodennis  of  txaoe;  other  lettering  as  in  pnoeding 

figures;  X  about  120. 

leaf  tiace  finally  becomes  fsee  item  the  axial  tissues  (fig.  3, 
stage  iz). 

As  we  pass  upward  above  the  departure  of  the  traces,  the 
nodal  xylem  of  the  newh'  constituted  bundles  diminishes  in  amount, 
and  these  become  more  and  more  widely  sejxirated  (fig.  4,  stages 
12-14).  Kach  of  them  carries  with  it  two  small  groups  of  proto- 
xA'lem,  situated  laterally  at  the  inner  hmit  of  the  nodal  x}.ieni. 
Traced  downward,  these  groups  are  continuous  with  the  proto- 
X}'leni  of  two  neighboring  but  independent  bundles  of  the  internoiie 
below.  As  the  nodal  xylem  diminishes,  the  two  groups  of  proto- 
xylem  adherent  to  it  are  brought  nearer  to  one  another,  each 
becoming  farther  and  farther  removed  from  its  sister  strand,  now 
included  in  a  neighboring  bimdle.  Just  before,  or  when  the  new 
bundles  become  free  from  one  another,  a  slight  depression  appears 
in  the  outer  edge  of  the  xylem,  in  the  median  region  of  each  new 
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hunfllr  ''figs.  3  and  4,  sla^res  ti.  12).  This  deepens  ratlur  nijuMly, 
an<l  another  shallower  pan ncliMiiatous  depression  apptar^  oppo- 
siir  it  on  the  inner  edgr  of  the  metaxykm.  between  the  two  'groups 
of  prolitx^  liTn  Cfi^.  4,  -la,i(cs  i:,  tO.  In  llii^  inner  indentation  a 
tariiial  (  anal  now  lonr.^,  or,  nx  uliu-r  words,  the  proto.w  Icin  >tran(ls 
arising  irom  different  bundles  of  the  intemode  below  approach 
uiic  another,  and,  parti)'  ;ui  increase  in  tlicir  number,  become 
united  into  a  single  group  (fig.  4,  stage  14).  By  this  time  the 
metaxylem  has  decreased  considerably  in  amount,  and  fofms  a 
deeply  lobed  mass,  the  two  lobes  being  separated  by  the  deepening 
paiaichymatoiis  sinus  in 


the  outer  edge  of  the 


z^s^C:^    !  t  C^V  cane 


zylem.  The  lobes  become  .[r  ^ .   cAih  /f4t — 

less  and  less  massive,  and 

are  soon  only  cosmected        .  _  ^  _  .  , 
by  a  naiTow  crossbar.  ^^^g-^f«i;^  \^ 

When  thii  breaks,  as  it  —  

does  a  little  higher  up, 

the  structure  of  the  bun-       ^"^  ^  ^      ^  "^"^ 

die  (fig.  5.  stages  15,  16)  vividly  recalls  stages  x  and  2  of  fig.  i, 
although  the  metax>  lcm  is  as  >'et  more  extensive  than  in  these. 
By  a  decrca5e  in  the  number  of  tracheids,  however,  the  bundles 

80ona>-^umr  the  intrmodal  api)eaninre  shown  iti  li^'.  1.  staj^e  1. 

i\s  in  the  coni-ljtarin^  stem  of  E.  limosum  descritxd  l>y  the 
%%Titer  at  this  notie  of  E.  ^i^anintm  an  invirtcd  roiu-  of 

rt  la!i\i  l\  thick  walle<i  cells,  staining  di  t  j)!)  with  Hi>nian  k  brown, 
ikinu>  ilown  iroin  liie  upper  limit  of  the  node  tor  a  little  distance 
into  the  intemode. 

inu  Nodaa  of  mallflff  f oftUa  bianehaa 

The  upper  nodes  of  the  cone-beaimg  brandies  of  £.  giganicum, 
although  lesembling  in  essentials  the  node  of  the  main  stem  pfevi* 
ously  described,  were  on  a  much  smaller  scale,  and  showed  one  or 
two  points  of  difference.  The  branches  at  my  di^Kisal  all  pos- 
seHiicd  eleven  ribs  and  bundles,  and  their  steles  were  but  fittle 
over  m  millimeter  in  diameter.  There  is  no  definite  diaphragm, 
is  there  an  inverted  cone  of  persistent  tissue  hanging  down 
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from  the  node;  but  the  central  caN-ity  is  much  narrowed  in  the 
nodal  region,  and  the  stele  itself  decreases  somewhat  in  "vsidth.  as' 
is  well  seen  in  longitudinal  sections.  Sometimes  no  branches 
are  initiated  at  tliese  nodes,  but  in  other  cases  one  or  two  branches 
may  be  initiated,  even  at  the  uppermost  v^etative  node.  As 
we  i4}proach  the  node  the  lateral  bands  of  metaz^eni  of  each 
bundle  become  united,  as  in  the  bundles  of  the  large  node  already 
described.  The  bundles,  at  the  conapoiidhig  he^ts,  have 
much  the  ttppeiamot  of  those  shown  hi  fig.  i,  stages  t-$,  aaoept 
that  by  the  thne  we  reach  stage  3  the  cazfaial  canal  is  bemg  replaced 
by  a  group  of  sU^^tly  dtsarganized  tiacbeids.  The  median  tooth 

of  z^em  seen  in  stage  4  of 
fig.  z  is  not  developed, 
although  in  some  of  the  bun- 
dles the  crossbar  is  slightly 
thicker  in  its  median  region. 
As  in  the  larger  axis,  the  cross- 
bar is  separated  from  the 
carina!  canal  by  two  or  three 
layers  of  parench\Tna.  Some 
of  the  protox>'lem  elements 
pass  out  very  gradually, 
carr\-ing  with  them  such  of 
the  metax  ylem  elements  of  the 
crossbar  as  lie  outside  them. 
The  same  parenchymatous  sheath  is  formed  for  the  passing  out  of  the 
protoxylem.  This  sheath,  which  is  relatively  wide  and  conspicuous, 
Is  here  directed  obliquely  upward,  since  the  protoxylem,  irtSdi 
lies  in  it,  passes  very  slowly  through  the  bundle.  As  there  is  here 
no  median  tooth  of  metazylem,  the  metaxylem  of  the  trace  is  more 
deeply  situated  in  the  bundle  and  nearer  to  the  protoa^lcni,  so 
that  the  protoxylem  and  metazylem  of  the  trace  f onn,  in  most  of 
their  oourBe  through  the  bundle,  a  single,  radially  cikwigated  mass 
of  smdlarly  oriented  tradieids.  Tth  stage  is  shown  in  fig.  6, 
stage  I,  a  stage  corresponding  more  or  less  with  stage  7  of  fig.  i. 
While  passing  through  the  bundle,  the  metaxylem  of  the  trace 
remains  in  contact  at  its  outer  end  with  the  nodal  zylem  of  the 


Pto.  6.— Stages  i  ud  s;  tbewstasnBhow 

appearance  of  bundles  of  small  cone-hearing 
branch  of  E.  giganieum  at  levels  of  mxlv  lor- 
respooding  to  those  shown  for  bundles  of 
Buda  uis  fn  itages  7  and  8  of  figs,  i  and  *; 
aMwe  Mgjdy  magirifiirt. 


Digitized  by  Google 


BitOWNB-BQUlSSTVU 


457 


bundle.  When  the  zylem  of  the  trace  detadies  itsell  from  the 
axial  wood,  it  loans  an  Isosodes  triangle,  sometimes  contaming 
one  or  two  parenchymatous  cells.  At  the  inwBidly  directed  apex 
of  the  triangle  lies  the  protoxylem.  In  most  cases  at  least,  a 
few  of  the  tracheids  at  the  sides  of  the  wide,  outwardly  directed 
base  of  the  triangle  arc  derived  from  the  peripheral  nodal  x^-lcm 
of  the  bundle.  By  the  time  the  trace  has  beccane  free  and  provided 
with  a  separate  endodemiis,  its  x>'lem  has  become  or  is  becoming 
slightly  mesarch.  As  the  trace  moves  out,  a  bar  of  metaxylem, 
usually  only  one  cell  in  depth,  lonns  across  the  inner  end  of  the 
parenchymatous  sheath  (tifi.  6,  stage  3).  These  tracheids  very 
soon  die  out  in  passin<r  u[>ward.  Although  few  in  nimiber,  they 
seem  to  represent  the  much  greater  c-xicnt  of  median  supranodal 
xylem  of  stages  Sa  and  Sb  of  fig.  2. 

It  should  be  pdnted  out  that,  as  in  the  node  of  the  larger 
axis,  some  etements  ci  the  protoxylem,  althoui^  here  only  a  vexy 
few,  peisist  on  cither  side  of  those  tiiat  deport  to  the  trace.  £ach<^ 
the  lecQostHnted  bundles  possesses  t«PO  groups,  derived  respectively 
from  the  two  bundles  alternating  with  it  in  the  intemode  below. 
Owing  to  the  smaller  siae  of  the  bundles,  these  two  groiQM  of  proto- 
xylon  are  nearer  to  one  another  than  in  the  bundles  of  the  main 
axis.  They  soon  mute,foiming  with  ad^tiooal  elements  the  proto- 
xykm  strands  of  the  new  inteniode.  These  groups  of  protoxylem 
traversing  the  node  are  very  small  and  inconsplcuoiis,  and  might 
easily  be  overlooked  or  taken  for  the  narrow  ends  of  nodal  tracheids. 
It  is  possible  that  sometimes  one  of  them  may  die  out  and  not  be 
continued  in  the  intemode  abo\e,  but  this  could  not  be  satis- 
factorily detennined  from  the  material. 

IV.  Branches  initiated  on  main  stem 

One  point  in  connection  with  the  numerous  branches  initiated 
on  the  large  )-ouni,'  axis  of  E.  gi^ankum  deserves  mention.  N'one 
of  these  branches,  Uie  cells  of  which  were  active  in  process  of 
division,  haii  yet  broken  through  the  ti>sucs  of  the  leaf  sheath  of 
the  parent  axis.  As  they  alternate  with  the  teeth  of  this  sheath, 
their  median  line  coincides  with  the  £onunissural  furrow,  or  line  of 
congenital  fusion  of  two  leaves.  This  furrow  projects  maikedly 
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inward,  causing  a  slight  depression  in  the  ochrcola  or  lowest 
sheath  of  the  branch.  The  ochreola,  which  is  much  better  devel- 
oped on  the  side  awn)-  fmm  the  parent  axis,  possesses  fi\'c  teeth, 
foiminu  ill  the  lower  purl  of  the  sheatli  l'i\  e  mcon>]3icuous  blunt 
ribs.  'I'he  two  which  lie  most  extenialh',  riglit  and  left  of  the 
slight  mediaji  de])ression,  are  by  far  the  most  developed.  Even 
in  this  early  stage,  in  most  cast  s  at  least,  both  ])ossess  a  >mall 
vascular  bimdle  containing  two  three  small  tracheids.  Cases 
have  prc\iously  been  recorded  and  ligured  in  which  tlie  ochreola 
is  penetrated  by  one  vascular  bundle  ^8,  ii). 

V.  TqUDf  Intaniode  of  nudn  flein 

Hie  base  of  the  leaf  sheath  is  coocicsceiLt  with  the  axis.  At 
the  level  at  which  the  foimer  beocines  free  in  the  large  young  axis 
the  tissues  of  the  main  stem  have  the  appeannoe  of  beiiig  very 
young.  The  cells  mostly  have  huge  nudei  and  aie  tidli  m  contents! 
no  metazylem  has  been  difiFerentiated,  nor  is  the  bundle  sheath 
recognizable;  most  of  the  protratylem  still  persists.  The  cortical 
cells  below  the  ribs  of  the  stem,  which  later  develop  as  sckven- 
diymatous  fibers,  still  have  unthickened  walls.  As  we  pass  upwaid 
in  the  intemode  the  tissues  gradually  assume  a  more  mature 
^ipeaiance.  This  should  be  expected,  since  it  is  known  that  the 
metaxylem  of  an  intemode  undergoes  lignification  from  above 
downward  (i).  Tn  this  lower  end  of  a  young  intemode,  therefore, 
we  have  an  anatomicalK-  incompleteh-  ditTerentiated  portion  of  the 
axis  of  E.  i:,iga)ii€um,  the  ab.-^ence  of  whif  h  prevent rr!  (^wyxne- 
VAUcn.XN  from  definitely  estabhshing  the  direction  oi  iignilication 
of  the  lateral  metaxylem  in  this  species.  He  su.-^pected  that  the 
direction  of  lignihcation  in  Kquisctum  generally  was  centripetal 
in  the  lateral  strands  of  niclaxykm.  He  held  that  this  was  indi- 
cated by  the  constantly  smaller  size  of  the  |)eripheral  tracheids 
in  E.  gigantmm,  tlie  spedes  in  wliich  the  lateral  metaxylem  is  most 
abundantly  developed. 

Near  the  base  of  the  young  intemode,  at  the  pojnt  at  which  the 
leaf  sheath  detaches  itself  from  the  axis,  no  metaqrlem  had  been 
differmtiated.  As  we  pass  upward  one  or  two  latemlly  situated 
tracheids  soon  make  their  appearance,  but  in  most  of  the  bundles  it 
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Is  only  about  i  mm.  bigger  up  that  the  lateial  jneta^^lem  Gonaists 
of  a  niunber  of  tracheids  more  or  less  equivaleat  to  the  number 
found  in  a  mature  mtemodal  bundle.  The  serial  sections  were 
14  |i  in  thickness,  and  thirty-two  bundles  of  a  section  often  showed 
different  stages  of  the  differentiation  of  the  lateral^  situated 
tracheids.  It  was  possible,  therefore,  to  examine  very  numerous 
examples  of  incompletely  diflerentiated  metax>  lem.  Some  irregu- 
larities were  observed,  but  no  doubt  was  possible  that  in  the  very 
great  majority  of  cases  the  small  outer  tracheids  are  the  first  to 
become  Hj3;nified.  Thus  in  this  species,  as  Gwynne-Vaughan  sus- 
pected, the  nictax}dem  develops  centripetally.  Not  infrequently, 
after  the  lignilication  of  two  or  three  small  elements  at  tlie  i)eriphery 
of  the  wood,  the  next  element  to  be  lignified  is  larger  and  much  more 
deeply  seated.  Commonly,  however,  the  lignilication  proceeds 
more  or  less  regularh-  from  without  inward. 

VL  General  considecationa 

Conflictmg  statements  have  appeared  as  to  idiether  the  proto- 
zylem  of  EqtdseUm  persisted  through  the  nodes  or  disappeared 
at  this  level.  jEvntEY  (9),  m  1899,  wrote  that  in  the  nodal  region 
the  vascular  tissue  was  massive  and  entirely  devoid  of  typical 

protoxylem  elements,  and  in  companng  the  node  of  Equisdtm 
vd\.\\  the  description  given  by  WnxiAMSON  and  Soott  of  that  of  a 

Calamite,  he  states  that  in  the  recent  genus  the  protoxylem  comes 
to  an  end  below  the  node,  and  that  it  is  absent  from  the  inside 
of  the  nodal  wootl.  Ludwigs  fio)  also  appears  to  regard  the 
protoxylem  as  disappearing  at  the  nodes.   He  writes  as  follows: 

At  the  ncxlc  the  protoxylem  passes  out  as  a  bundle  into  the  leaf,  the 
groups  of  meta.w  len\  approarh  one  another  and,  uniting  with  the  xyiem  of 
the  next  intemode,  completely  till  up  the  carinal  awal.  In  the  position  of  the 
latter  we  find  a  latge  number  of  vessds  with  teticulately  tbickeiied  walls, 
whereas  the  dements  of  the  piotoKylen  show  annular  thirkeningn. 

More  recently  Miss  B.\rratt  (i)  has  asserted  that  tlie  proto- 
xylem does  not  traverse  the  node.  In  i()Oi,  liowevcr,  Gwvnne- 
Vaugkan  described  Uie  forking  of  die  leal  trace  prutoxjlcm  of 
EguiseHm  at  the  node  and  the  fusion  of  each  fork  with  the  adjacent 
fork  of  protoxylem  of  a  neighboring  bundle.  In  1908  Bowek  (2) 
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adopted  Gwvxne-Vaughan's  conclusions  as  to  the  ba-is  of  his 
description  of  the  course  of  the  bundlf"?  of  F.qvisetiwu  illustrating 
this  course  by  means  of  a  hitherto  unpublished  diagram  con- 
structed by  the  latter.*   Qu^va  (14)  in  his  very  careful  researches 


Fig.  7  — Dia^'ram  showing  distribution  of  xylem  of  E.  gigamkum  I'pmtoxykiii 

indicated  by  broken  vertical  lines,  metaxylem  by  dotted  surface):  x  tr,  xylem  of  trace; 
br.x,  xylem  of  branch;  pr,  protoxyleini  i.p.x,  protox>-lem  of  intemode;  nx,  nodal 
zykm;  «.m«,  intemodal  meUxylem. 

*Thi>  diagram  is  iii  di.s;ii,Tecment  vdth  the  comparable  tig.  7  of  Uie  present  paper 
in  that  in  it  the  lateral  intemodal  stnnds  are  made  to  persist  throt^  the  node. 
As  Gwynne-Vaughan's  diagram  was  constructed  only  to  show  the  course  of  the 
strands  of  the  intemodal  bundle  at  the  node,  the  di&tributicm  of  the  nodal  xylem  b 
not  indicated  in  it. 
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gBve  no  wiittm  deso^rtioa  of  the  ooune  of  the  piotoa^ieiii  above 
the  dquorture  of  the  lykm  of  the  ttace.  In  desoihihg  the  nodal 
lykm  of  £.  maxtnum,  however,  he  states  that  at  the  inner  edge 
of  each  of  the  masses  of  nodal  wood  some  pvotoQ^lon  elonents 
QaSs  tndi^es)  are  always  foimd.  These  axial  protoxylem  elements 
are  shown  before  the  lignification  of  the  nodal  tracheids  in  his 
hgs.  16  and  17,  and  after  the  differentiation  of  the  nodal  wood  in 
his  figs.  18  and  19  (all  of  E.  maximum).  Moreover,  his  fig.  22 
of  F  !i!r>rale,  in  which  two  traces*  may  be  seen,  alread}'  some  way 
out  in  the  cortex,  shows  very-  clearly  the  protox\lem  persisting 
from  the  bundles  of  the  intemofie  below.  In  this  figure  the  proto- 
xylem of  each  of  the^^e  buTidles  has  been  divided  into  two  groups 
of  tracheids,  and  the^e  sister  trroups  have  already  diverged  some- 
what from  one  another.'  Eani!  ^  '61  ;il>o  regards  the  protox>-lem 
as  persistent,  for  in  discussing  liic  ikkUiI,  or  as  he  calk  it,  the  supra- 
nodal  wood,  he  states:  "Certainly  its  innermost  elements  arc 
protoxylem,  many  radial  sections  show  this  condition  clearly." 
Later,  in  summarizing  the  nodal  stxnctuie  d  Mqitiseiim,  he  states: 
"Hie  caiinal  canal  becomes  disconlinuous  as  it  appioedies  the 
node.  The  protoxylem  occupying  that  qiaoe  cnlaxges,  eztoidbig 
radially,  then  passes  upward  and  fonns  the  innatmost  tracheids 
of  the  8iq;>ranodal  wood."  ¥tcm  these  statements  it  would  seem 
that  Eambs  holds  that  the  protoxylem  pernsts  throu^  the  node, 
although  haidly  as  distiact  strands;  he  seems  rather  to  regard  the 
niner  elements  of  nodal  xylem  generally  as  protox^tai. 

The  description  of  the  nodal  region  of  E.  gigatUetm  here  given 
entixely  confinns,  so  far  as  the  course  of  the  protox^iem  is  con- 
cerned, GwynmEpVavgbam's  account.  This  might  have  been 
expected,  as  this  author  al<me  appears  to  have  worked  on  the  nodes 
of  E.  giganleum.  It  is,  however,  in  agreement  with  Qu£\  a's  le«;s 
complete  account  of  the  protoxy  lem  at  the  node,  and  in  paiticulax 
with  his  figures  of  E.  maximum  and  E,  lUoraU, 

*  Only  a  portion  of  the  trace  on  the  left  i>  itu  Imh  if  in  QufcvA's  figure. 

i\n  of  Orfvx's  fmurr-  ju-t  nutUionifi.  and  <if  fiis  alliBion  to  the  piT«!Pnce 
of  protoxylem  at  the  inner  edge  ot  the  nodal  wood,  1  cannot  agree  with  Miu  Harratt's 
ttatemeot  tbtt  he  had  noted  that  the  xylon  of  cocb  latemode  devdofw  quite 
independeat^,  ott|y  Uokiiig  up  ■ubaequeotly  by  the  devc]a|iiimt  ot  the  iMdal 
tzacbekU. 
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Examination  of  serial  sections  through  nodes  of  a  cone-bearing 
branch  of  E.  palnslrc  and  of  a  fertile  stem  of  E.  sylvatirum  showed 
that  liie  conliTiuity  of  tlie  protoxylem  strands  through  the  node, 
their  forkings  and  fiisions,  could  \ery  well  be  followed  in  these 
species.  Tn  both  the  course  of  tlie  protoxylem  at  the  node  corre- 
si)onds  with  that  of  the  protoxylem  in  E.  gignntet*m.  The  dis- 
tinction between  nodal  wood  and  protoxylem  is  ver>-  clear,  although 
the  innermost  nodal  trachcids  arc  relalix  ely  small.  In  both  species 
Uie  peiaiitcnt  protoxylem  is  sometimes  locally  separated  from  the 
inner  edge  of  the  nodal  wood  by  a  parenchymatous  cell  or  two. 
In  K  syhoHcmt  the  persistent  tischeids  of  protoxylem  are  relatively 
numerous,  aiid  some  of  the  medlimty  situated  oDffi 
little  digtancc  above  the  departure  of  the  tzacheids  of  the  trace. 
In  a  young  node  of  a  fertile  stm  of  £.  anatse  that  had  not  yet 
appeared  above  ground  it  was  possible  to  observe  the  penistence 
of  the  protoxylem  and  indications  of  its  forkings  and  fiisaoos  at 
the  node.  The  phenomena,  however,  were  not  so  clear. 

Sexial  sections  through  a  vegetative  node  of  the  cone-bearing 
branch  of  £.  dtibUe  showed  that  in  this  species  also  two  small  groups 
of  protoxylem,  consisting  of  a  few  tracheids  ooify,  persisted  after 
the  departure  of  the  trace.  On  the  breaking  up  of  the  nodal  scylem 
those  two  small  stxands  entered  separate  but  adjacent  bundles. 
Each  of  the  newly  constituted  btmdles,  therefore,  possessed  two 
of  these  small  strands  of  protoxylem.  These,  however,  did  not 
alwa\  s  fuse  to  form  the  protoxj'lem  strand  of  the  iiitemode.  I- re- 
quentl}-  one,  sometimes  both,  seemed  to  die  out.  In  the  hitter 
case  tlie  protoxylem  of  the  upper  intemode  was  unconnected 
(except  by  nodal  tracheid>)  with  that  of  the  lower  interuinle. 
In  other  cases  a  lew  elements  of  one  or  both  l)r;inches  of  protox\"lem 
linked  up  the  ]>rotoxylein  of  oir  iiiiernode  wiiiv  liuit  of  the  other. 

In  the  specimens  of  E.  hicmalc  of  which  I  lia\  e  examined  serial 
sections,  the  protoxylem  disappears  at  the  nodes;  in  other  words, 
the  whole  of  it  passes  out  into  the  trace.  In  this  spedes  the  inter- 
nodal  bundles  are  relatively  far  apart,  and  the  bundles  of  suc- 
cessive intemodes  are  fonued  by  the  oblique  course  and  fusion  of 
adjacent  halves  ndghbormg  bundles.  Duiiog  the  oblique 
course  of  the  halves  it  is  easy  to  see  that  all  the  tracheids  oom- 


Digitized  by  Google 


1933)  BROWNE^EQUISSTUM  46^ 

posing  them  are  reticulately  thickened.  In  mxlcs  of  the  fertile 
stem  of  E.  maximum  I  was  able  to  trace  the  forking  of  the  persistent 
protox>'lem,  the  divergence  of  the  forks,  and  their  passage  into 
sepxarate  though  neighboring  bundles.  Fuch  of  the  newly  con- 
stituted bundles  thus  contained  two  small  groups  of  proto?n,'leTn, 
but  in  no  case  could  a  connection  between  these  forks  and  the 
protox}  leni  of  the  intemode  above  be  observed;  th^  seemed 
always  to  du-  out.  '  • 

As  we  are  dealing  in  Equiselum  with  pkmLs  shuwijig  a  reduced 
vascuLi  >ystem,  it  is  probable  that  the  dving  out  of  part  or  all  of 
the  protoxy km  of  one  interuodc  vviLhout  coming  into  connection 
with  the  protoxy lem  of  the  next  is  a  derivative  chaiacter,  and  that 
the  couiseof  the  protoKylem  described  for  E,  ^^afilflwiiiftpriimtivft 
>ffithni  the  genus.  In  this  connectum  it  may  be  pointed  out  that 
in  the  fertib  stem  of  E.  although  the  bundles  are  of 

much  the  same  width  as  those  of  the  large  young  axis  of  IS.  g^anteum 
desdibed  in  this  paper,  the  height  and  the  zadial  extent  of  the  nodal 
wood  of  the  latter,  even  in  its  young  condition,  wexe  nearly  twice 
as  great  as  the  height  and  depth  of  the  nodal  wood  at  the  nodes  of 
the  fertile  stems  of  E.  maximum  studied.  Moreover,  it  has  been 
shown  (4)  that  the  cone  of  E.  maximum  has  a  much  reduced 
vascular  system. 

It  is  possible  that  at  the  nodes  of  the  sterile  stems  of  £.  arvense 
and  E.  maximum  none  of  the  protojcylem,  at  least  in  tvpical  cases, 
persists  above  the  dep>arture  of  the  trachdds  of  tlie  trace.  This 
appears  to  be  the  view  of  Jeffrey  and  Miss  Barratp.  On  the 
other  hand.  Qtt^va's  figures  seem  to  show  that  sometimes  at  least 
the  protoxylem  persists,  at  any  rate  for  some  distance  above  the 
departure  of  the  tracheids  to  the  trace.  Such  protox^dem  as  per- 
sists at  the  ncnle  i>  small  in  amount  and  often  inconspicuous,  so 
that  in  man>-  cases  it  iua\'  well  ha\e  passed  unnoticed.  W  hen, 
however,  as  in  E.  hiemalr,  the  protoxylem  disappears  completely 
at  the  level  oi  tlic  departure  of  the  tracheids  of  the  trace,  this 
would  seem  to  be  due  to  a  further  reduction  akmg  the  lines  exempli- 
fied at  the  nodes  of  the  f  eitile  axes  of  E*  iebiU  and  E.  masimitm. 

Passing  from  the  considerarion  of  the  protoiylem  to  that  of  the 
metazylem,  we  agsih  meet  with  a  conflict  of  evidence.  .  In  1890 
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PoiRAULT  (13)  anerted  that  the  metaxykm  developed  centripe- 
tally,  and  eleven  years  later  Gwyxne-Vauohan  was  led  by  his 
study  of  the  vascular  system  of  E.  gigantmm  to  adopt  a  similar 
\'iew,  although  in  the  absence  of  an  incompletely  dilTerentiated 
portion  of  the  axis  of  this  species  he  considered  the  centripetal 
development  of  the  xylem  as  not  established.  As  has  been  pointed 
out,  a  study  of  tlie  youniz  intemode  of  £.  gigantcum  confirms 
Gwynne-Vaughan's  oj>iuion,  and  it  seems  clear  that  in  this 
species  the  direction  of  lignification,  although  subject  to  slight 
irreguiiiniics,  is  from  vWthout  inward.  On  the  otiiei  liand,  Qlteva 
in  1907  showed  clearly  that  in  E.  maximum  the  lateral  metaxylem 
of  the  intemode  was  differentiated  centrifugally.  Eambs  claimed 
tbat  altfaough  these  is  a  good  deal  of  irregularity  in  the  dhnctkii 
of  its  Bgnificatkm,  the  hxtemodal  jnetax>  lem  was  differentiated 
centzifugally  m  the  jnajodty  of  the  bundles  of  K  miuamumf 
E,  anmse,  and  E,  himaU,  This  has  recently  been  r^^rr^  by 
Miss  Baixatt  for  the  first  two  spedes.  Scnal  sections  of  tfeue 
hiteniodes  of  young  oone-beaiing  blanches  of  E»  mwiutf  E,  Hm^tiMt 
and  E»  d^ile,  in  wbidi  the  latend  meta^lem  was  incompletely 
differentiated,  were  enmined  for  comparison  with  the  young  inter- 
node  of  E.  gigantcum.  In  all  of  them  the  dififerentiatifla  of  the 
metaxylem,  although  subject  to  occasional  inegularities,  as  Eames 
has  pointed  out,  was  in  the  great  majority  of  cases  clearly  centrifugaL 
It  seems  difficult  to  doubt  the  essential  honiolog)-  of  the  char- 
acteristic lateral  groups  of  metaxylem  throughout  the  'jetms 
Equisctum.  The  question,  therefore,  arises  whether  the  rinjiiiuve 
order  of  development  of  the  metaxA  lem  was  centripetal  or  cen- 
trifugal. It  is  undeniable  that  the  metax>lem,  both  nodal  and 
intemodal.  is  better  developed  in  E.  gigantcum  tlian  in  any  of  the 
other  s])ecies  the  anatomy  of  which  iias  been  studied.  Morco\  er, 
in  a  genus  showing  an  ob\iously  reduced  stelar  structure  the 
species  with  llie  largest  amount  of  xylem  would  naturally  seem 
to  be  the  most  primitive.  On  the  other  hand,  E.  giganUum  is 
exceptional,  so  far  as  we  know  unique,  in  the  centiqMtal  develop- 
ment of  its  metaxylem.  It  is  even  possible  that  such  centi^ietal 
development  might  be  confined  to  the  base  of  the  intemodes, 
although  on  general  grounds  and  In  view  of  the  constantly  much 
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amaller  size  of  the  paipliex«l  tmcfaeids  this  does  not  seem  to  he 
HSkdy.  TttbapB  the  stnaignt  aigujnent  against  the  pinnitivenesB 
of  the  centripetal  development  of  the  lateral  metaz)dem  lies  m 
the  position  of  this  tissue  outside  the  endarch  piotoacylenit  whidi 
makes  it  difficult  to  regard  it  as  a  vestige  of  the  central  centr^)etal 
j^lcm  of  a  piotostele.  For  the  present,  therefore,  it  seems  pre- 
mature to  draw  any  definite  conclusions  from  the  aaxchy  of  the 
intemodal  mctax^'lem  in  the  axis  of  E.  giganteum. 

Gwynxe-Vaugiian  also  stated  that  in  E.  hicmale,  and  better 
still  in  E.  giganteum,  the  lateral  intemodal  strands  of  xylem  could 
be  traced,  after  j  ining  on  to  the  nodal  wood,  as  externally  pro- 
jecting; ridges  into  Uie  intemixle  above.*  He  claimed  that  thej^c 
lateral  strands  di\erged  while  passing  through  the  node,  so  tliat 
in  the  intemcKle  above  they  were  situated  on  adjacent  sides  of 
separate  bujuilej^,  ilial  at  the  ncxi  node  these  strands  again 
£4)proached  one  another,  and  that  in  the  intemode  above  this 
node  the  strands  weie  again  included  in  the  same  bundle.  In 
fisct,  according  to  this  author,  tlie  oouzse  of  the  metazylem  stnnds 
at  the  node  is  exactly  that  described  in  tins  paper  as  characteristic 
of  the  protozylem  of  B.  gigani$im  in  this  x^on.  In  this  species 
the  lateral  strands  of  metaxykm  are  composed  of  numerous 
elements,  and  if  they  peisistad  through  the  node  they  would  be 
very  conspicuous.  F^om  the  serial  sections  of  the  nodes  at  my 
disposal,  however,  it  was  clear  that  the  identity  of  the  lateral 
strands  was  ccgnpletely  lost  in  the  relati\-ely  large  tracts  of  nodal 
xylem.  As  we  approach  the  nodes  the  tracheids  of  the  lateral 
strands  gradually  assume  the  appearance  of  typical  nodal  tracheids. 
QufvA  has  noted  this  gradual  passing  of  the  latmil  metaxylem 
into  the  nodal  wood  in  E.  maximum.  In  this  species,  in  which 
accordin'j  to  him  the  lateral  metaxylem  consists  of  tracheids  with 
spiral  or  annular  thickening,  elements  witli  a  tyjie  of  omamentiition 
intermediate  bcuvcen  thvse  and  reticulate  thickenings  occur,  he 
says,  below  tlu-  n<»ilal  wo<xl  and  in  continuit)-  with  the  intemodal 
metas^lem.   Elements  with  this  intemodal  type  of  thickening 

*  I  regret  that  in  .1  n  .  i  nt  paper  (5)  I  aUuded  to  CwysNi  -V At  i.iian's  >  l.iitn  <if  the 
persistence  of  the  iatcmt  strands  "inside  and  over"  the  ring  of  reticulate  tracheids. 
The  passage  should  read  "outside  and  over  the  ring  of  reticulate  tx&chdds." 
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of  CQUise  do  not  occur  bdow  the  node  of  E,  gigBttUtm,  since,  as 
Gwynnb-Vaitohan  faanself  has  sbovn^  the  mtexnodal  metasiylem, 
as  well  as  the  nodal  i^lem  of  this  ^ledeSf  cxmsists  of  leticulately 
thk^""*^  elements.  Fig.  7  shows  disgiaimnaticall)  the  distxibu- 
tlon  of  the  xylem  at  the  nodes  and  intemodes  of  E.  ^ii^anteum. 
The  spirally  thickened  protox>'lem  is  there  shown  by  broken  vertical 
lines,  while  the  reticulately  thickened  tracheids,  nodal  wood,  and 
intemcMial  lateral  strands  alike  are  shown  by  a  dotted  surface. 
For  the  sake  of  convenience  the  intemcwle'^  have  been  drawn  as 
much  shorter  than  tlie)-  would  be  in  a  mature  specimen. 

In  E.  hicmalc  tJie  lateral  strands  are  smaller  than  in  E.  giganteum, 
but  it  seemed  clear  from  serial  sections  that  they  too  completely 
lose  their  identity  in  the  nodal  wood.  Indeed,  thi.s  occurs  relatively 
quickly,  for  the  crossbar  of  the  tracheids,  wliich  as  we  apj^roach 
the  node  forms  a  bridge  between  tlic  two  lateral  strands  ;rig.  i, 
stage  3  of  E.  giganteum),  is  here  usually  two,  three,  or  more  cells 
in  depth,  and  therefore  nearly  as  deep  as  the  lateral  strands.  Thus 
the  latter  hazdly  projea  at  all  outwud,  and  are  early  merged  in  an 
ahnost  straight,  obkmg  band  of  metaj^lem  lying  outside  and 
parallel  to  the  radially  nanow  caiinal  caioaL  Gwinms-VAiTGaAN 
also  daimed  that  in  E,  maximum  no  metaxylcm  departed  &oin  the 
axis  to  the  leaf  trace,  although  he  made  no  statement  on  this  point 
for  E,  gfionleum.  Eaiies,  however,  claims  that  the  metaxylem 
unquestionably  takes  part  in  the  fonnation  of  the  leaf  trace,  and 
figures  such  a  case  for  E,  hiemale,  in  which  species  the  metaxylem 
is  well  developetl.  In  nodes  from  three  stems  of  E.  hiemale  exam- 
ined the  departing  protoxylem  carried  ysith  it  metaxylem  tracheids 
from  the  periphery  of  the  bundle.  At  least  in  my  spedmois, 
howe^'er,  these  were  less  numerous  than  in  E.  giganteum^  and 
died  out  before  the  trace  with  it>  endockrmis  was  completely  free 
from  the  axial  bundle.  Tn  serial  sections  of  nodes  from  two  fertile 
stems  of  E.  maxim nw  and  from  a  fertile  stem  of  E.  syhaticum 
examined  the  metaxylem  did  not,  in  mos.t  of  the  bundles,  con- 
tribute to  the  fonnation  of  the  leaf  trace,  although  occasionally 
in  E.  muxiiiuon  and  not  infrequently  in  E..  syhalkum  two  or  three 
reticulate  tracheids,  at  the  level  of  the  departure  of  the  trace,  did 
bend  out  into  the  cortex,  where,  however,  they  seemed  to  die  out. 
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Smmiuuy 

1.  The  direction  of  differentiadon  of  the  metaiylein  m  the 
intemode  of  E.  giganieum  is  subject  to  sli^t  icregulaiities,  but  is 
mainly  centripetal.  The  outer  dements  are  the  smallest,  and  the 
tzBcheidSf  usually  about  ia-15  in  number,  became  wider  in  passing 
inward. 

2.  These  lateral,  intemodal  strands  of  xylem  join  on  to  the 
nodal  wo(xI,  at  which  lc\cl  they  lose  their  identity.  There  is  no 
indication  in  E.  giganimm  of  their  persisting  as  strands  external 
to  the  nodal  wood. 

3.  The  protoxylem  is  continuous  through  the  node  oi  E,  gigan- 
teum.  By  the  departure  of  the  medianly  situatetl  tracheids  to  the 
trace  the  protox>km  is  dixided  into  two  small  groups  of  elemeutii. 
These  two  groups  diverge  and  enter  neighboring  but  separate 
bundles  of  the  intemode  abo\c.  Each  of  these  .^jnall  strands  of 
protoxylem,  diverging  still  farther  from  its  sister  strand,  now 
situated  in  another  bundle,  fuses  in  the  median  region  of  the  new 
bundle  with  an  equivilent  strand  of  protoxylem  derived  from  the 
adjacent  bundle  of  the  intemode  below.  The  fusion  is  effected 
partly  by  a  sudden  inotease  in  number  of  the  protcoylem  elements. 

4.  Tbe  nodal  wood  of  K  giganieum  attains  a  considetable 
hagjat  and  ladial  depth.  Wide,  reticulate,  typically  nodal  tracheids 
appear  considerably  below  and  persist  for  some  d^tance  above  the 
departure  of  the  traces. 

5.  The  protoxylem  elements  of  £.  giganteum  are  situated  at 
the  interior  of  the  xylem,  and  pass  through  the  inner  part  of  the 
metaxylem  of  the  bimdie  in  a  kind  of  parenchymatous  sheath,  two 
to  four  cells  in  thickness.  A  considerable  number  of  small  meta- 
xylem tracheids  pass  out  into  the  trace,  the  metax>Iem  in  the 
trace  being  usuall)-  greater  in  iunount  than  the  protox}  leni. 

6.  In  young  branches  of  E.  gif^antcum  wliich  had  not  >et 
broken  tlirough  the  leaf  sheath  oi  the  jjarent  axis,  two  of  the  ribs 
of  the  ochreola  contained  a  small  vascular  bundle. 

7.  It  i.>  coacludetl  that  the  continuity  of  the  protoxylem  of  the 
intemode^  Uirough  the  nodes,  which,  althoTigh  not  characteriMtic 
of  all  species,  is  not  conllned  to  E.  \^igankum,  is  a  primitive  char- 
acter within  the  genus.   The  question  as  to  whether  the  lateral 
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metajyktn  of  the  genus  was  primitively  centr^»etal,  as  in  £.  gigan- 
immt  or  pEmiitively  cenUifugal,  as  in  the  other  q»ecies  the  detailed 
anatomy  of  n^iich  is  known  to  us,  is  left  open. 
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OVERWINTERING  OF  TOMATO  MOSAIC* 
Max  W.  Gasonsk  and  Jamks  B.  Kbndsigk 

(with  plate  xvii) 

The  annual  recurrence  of  the  mosaic  disease  in  epiphytotic  form 
in  the  canning  tomato  crop  oi  Indiana  has  made  it  highly  important 
to  ascertain  the  mode  of  overwintering  of  the  causal  virus.  It 
seemed  within  the  realm  of  possibility  that  the  virus  might  be  per- 
petuated over  winter  in  hothouse  Lonuito  crops,  in  tomato  seed,  in 
related  perennial  weed  hosts,  and  by  insects.  The  agency  of  insects 
in  this  connectioQ  has  not  been  studied.  The  woA  of  McClhttock 
and  Smue  (9)  on  aphvls  as  carriers  of  spinadi  blight  would  tndkate 
that  such  inaects  might  perpetuate  other  mosaic  viruses,  but 
McClintock  (10)  has  been  unable  to  find  this  true  for  tomato 
mosaic.  Doouitle's  (7)  work  on  cucumber  mosaic  has  failed  to 
inciiminate  any  of  the  inaects  studied  in  coonecdon  with  that  disease. 
The  present  work  has  to  do  mainly  widi  the  second  and  thiid 
possibilities  just  mentioned. 

Hodiouse  tomatoes  as  carriers 
The  mosaic  disease  has  been  found  very  commonly  in  hothouse 
tomato  crops,  and  in  the  iivimediate  neighborhood  of  hothouses  it 
is  possible  that  the  disease  may  be  carried  from  the  late  hothouse 
crop  to  the  field  crop  plant-beds.  Thb  danger  is  very  great  in 
cases  in  which  the  plants  for  the  fi^  crop  are  started  in  hothouses 
or  cddframes  adjacent  thereto.  In  one  case  noted  in  June  1930  at 
Kokcmo,  a  severe  early  infestation  of  mosaic  was  present  in  a 
field,  the  plants  for  which  had  been  grown  in  part  of  a  hothouse 
ocxnqpied  by  a  tomato  crop.  In  fact,  mosaic  was  found  on  many  of 
tiie  tomato  plants  left  in  the  plant-bed.  Hothouse  tomatoes,  how- 
ever, are  grown  only  in  a  relatively  few  localities  in  the  state,  and 
are  usually  near  the  towns  and  dties.  The  canning  tomato  crop, 
on  the  other  hand,  is  contracted  primarily  among  general  fanners 

'Contribution  from  the  BoCuucal  Department  «f  Piudiw  Univenity  Agd* 
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rather  than  truck  gardeners,  so  that  the  fields  are  widdy  scattered 
throu^  the  countiy,  and  as  a  rule  aie  not  in  the  nei^iboEliood  of 
hothouses.  Hothouses,  therefore,  can  play  only  a  very  minor  lAle 
as  reservGUs  of  mosak  infection  for  (he  canning  tomato  crop. 

Transmission  with  tomato  seed 

Miss  Westerdijk  (12),  in  her  work  with  tomato  mosaic,  con- 
cluded that  the  disease  was  transmitted  throujzh  the  seed.  l)ut  her 
evidence  appear^  to  he  based  on  a  held  test  with  only  ninet\  -six 
plant?,  and  these  unprotected  from  inserts.  Ali.ard  (3),  in  e.\ ten- 
sive tests  involving  about  a  thousand  i)lants  grown  from  .seed  from 
mosaic  tomato  planl>,  oljtained  no  evidence  whatever  that  the 
dibea>e  was  tran>mitled  throuf^h  the  seed.  The  same  investigator 
(2)  found  that  the  related  lubucco  mosaic  is  not  seed-home. 

The  general  occurrence  of  mosaic  in  lields  used  as  a  source  of 
seed  for  the  canning  tomato  crop  of  Indiana  made  it  necessary  to 
test  thoroughly  the  possibility  of  seed  carriage  of  the  virus.  A 
quantity  of  tomato  seed  was  saved  from  mosaic  tomato  plants  In 
the  fall  of  1920,  in  cooperation  with  I.  C.  Hofvican  and  H.  D. 
Brown  of  the  department  of  horticulture,  and  was' planted  in  a 
greenhouse  December  2,  1920.  Because  of  the  season  the  plants 
grew  rather  slowly.  In  a  careful  examination  made  on  January  so, 
1921,  no  mosaic  was  found  in  a  total  of  13,573  ^  these  plants.  The 
crop  was  thinned  at  this  date,  and  on  February  26  no  mosaic  was 
found  among  the  2823  plants  which  remained.  On  February  3,1921 
seed  saved  from  two  mosaic  tomato  plants  in  1920  was  planted  in 
soil  flats  in  the  greenhouse,  and  in  the  135  plants  presoit  on  May  9 
no  mosaic  had  appear«i.  In  the  summer  of  1921  another  test  of 
tomato  seed  collected  from  mosaic  plants  in  1920  was  made  in  the 
greenhouse  and  under  a  cloth  cage  in  the  field.  The  seed  was 
planted  on  June  23,  and  on  Aufjust  to  no  mosaic  was  found  in  a 
tol.d  of  5001  plants  in  the  greenhouse  and  218  under  the  neld 
cage.  Thu■^,  in  a  total  of  19,017  plants  <;rown  from  seed  from  nn>saic 
tomato  plants,  no  mosidc  appeared.  Similar  tests  in  the  greenhouse 
in  IQ2I  with  Lwo-year-okl  tomato  seed  from  mosaic  plants  al^ 
yielded  negative  results.  In  a  total  of  3927  plants  grown  from  such 
seed  no  mosaic  occurred. 
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The  possibility  of  the  presence  of  the  mosaic  virus  dried  on  the 
exterior  of  the  seed  coat  wa?  also  taken  into  consideration.  About 
four  ounces  of  tomato  seed  collected  from  mosaic  plants  four  months 
pieviousty  was  washed  in  sterile  water,  and  ei^t  tomato  plants 
were  inoculated  by  wounding  the  stem  near  the  growing  tip  with  a 
needle,  and  rubbing  the  wounded  area  with  cotton  soaked  in  this 
wash  water.  No  mo.^aic  dex  elopcd  in  these  plant.s.  In  the  light  of 
this  evidence  there  appears  to  be  no  indication  that  tomato  mosaic 
is  transmitted  through  the  seed. 

HosaJc  in  perennial  Solamiceoui  weeds 

Historical 

The  susceptibility  of  certain  perennial  weeds  lo  tobacco  and 
tomato  mosaic  is  highly  significant  in  connection  with  the  over* 
wintering  of  the  virus.  Allard  (i)  transmitted  mosaic  from  tobacco 
to  the  peromial  Sulimum  caraiinensef  and  points  out  the  possibility 
of  the  mosaic  virus  perabting  over  winter  in  the  rootstocks  of  this 
weed.  He  states,  however,  that  he  had  noted  only  one  case  of 
mosaic  occurring  naturally  in  S,  carolinmse,  but  recognizes  the 
difficulty  of  detecting  the  disease  in  this  weed  because  the  symptoms 
may  be  very  inconspicuous.  He  also  found  the  mosaic  which  occurs 
commonly  on  the  perennial  PkykHaeca  deeandra  to  be  distinct  from 
and  unrelated  to  the  tobacco  mosaic. 

NisHiMURA  (11)  transmitted  mosaic  from  tobacco  to  Pkysaiis 
^kekengi.  In  his  tests  the  FkysaUs  plants  developed  no  mosaic 
symptoms,  but  the  juice  expressed  from  the  inoculated  plants  proved 
infectious  to  tobacco.  This  exotic  species  of  Physalis  is  recorded  as 
a  fK-rennial  which  is  not  hardy  in  the  northern  states.  Nishimura  also 
proved  that  a  mosaic  disease  found  on  the  perennial  Soimum  aculea- 
tissimum  in  Florida  by  R.  A.  Harper  was  transmissible  to  tobacco. 

Recently  Ckawfokd  (6)  in  Iowa  has  rejxjrted  succe-^slul  cross 
inoculations  from  mosaic  tomatoes  to  Physalis  loni^ij'olui,  a  common 
weed  of  that  region.  He  also  found  mosaic  occurring  in  the  field 
on  that  wee<l,  and  with  the  virus  from  the  rootstocks  made  successful 
inoculations  of  tomato  plant:>.  He  points  out  the  probability  of 
the  mosaic  virus  overwintering  in  the  rootstocks  of  Pkysaiis  km^ 
folia.  This  species  has  not  been  found  in  Indiana. 
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An  example  of  the  persistence  of  a  mosaic  virus  in  a  perennial 
herbaceous  host  is  alTonied  by  the  pokeweed  mosaic  studied  by 
Allard  (4).  The  work  of  Carsver  ($)  on  the  weed  hosts  of  the 
virus  of  the  curly-top  disease  of  sugar  beets  in  Calilomia  has  been 
very  suggestive  in  connection  with  the  problem  of  overwintering  of 
mosaic  viruses.  He  has  pointed  out  the  probability  that  the  curly- 
top  \  irus  may  persist  o\c*r  winter  in  Krodium  ciculiin'um,  a  winter 
annual.  Recent  work  by  DuuuTTLt:  on  the  relation  of  Micrampelis 
lobaUx  (7)  and  Asckpias  syriaca  (8)  to  cucurbit  mosaic  also  has  been 
suggestive. 

Peren-xial  Solanaceous  weeds  in  Indiana* 
The  following  Solanaceous  i>erennials  occur  in  Indiana-  J  dum 
haUmifoUum  Mill.,  Solanum  dulcamara  L.,  5.  carolinense,  Physalis 
hneeolala  Miclix.,  P.  heterophylla  Nees.,  P.  suhs^labrala  Mack,  and 
Bush,  and  J\  virgin iana  Mill.  S.  rarolinense  and  the  three  s{)ccies 
of  Physalis,  P.  heterophylla.  P.  sub^lahrata.  and  P.  lirginidua,  are 
weeds  of  common  occurrence  in  and  about  cultivated  lields.  Of 
these,  P.  suhi^lahrata  and  P.  virginiatm  have  been  found  to  be  by 
far  the  most  abundant  in  the  tomato  regions,  and  most  of  the  obser- 
vations ha\e  been  made  uj^on  these  .species.  These  two  species  are 
not  easily  ditterentiated,  and  no  consistent  attc»mpt  has  been  made 
in  this  work  to  separate  them.  The  larger  leaved  P.  subglahrata 
has  appeared  to  be  the  more  abundant  of  the  two  in  central  Indiana. 
Unless  otherwise  qualified,  the  tenn  PkysaUs  as  used  hereiii  should 
be  understood  to  refw  to  these  two  very  sunilar  species. 

Cross  inoculation  tests 

Mosaic  has  been  found  occurring  naturally  in  the  field  on 
Solanum  caroUneusef  Physalis  heterophylla,  P.  subglabratti  (p\.  XVII), 
and  P.  virginiana.  On  July  5,  192 1,  ten  potted  tomato  plants  in 
the  greenhouse  were  inoculated  by  wounding  the  stem  and  rubbing 
the  wounded  area  with  cotton  soaked  in  the  juice  from  mosaic 
.9.  rnrolinnise  plants  roll tn  ted  at  V^incennes.  By  July  29  all  had 
developed  mosaic  None  of  the  ten  control  plants,  similarly 
treated  except  that  distilled  water  was  substituted  for  the  juice 

'  C{{.\Ri.Ks  C.  Dk.\»,  state  foreiiter,  \-cry  kindly  fumUhed  authoritative  records 
conccrnuig  the  Sulanaccous  flora  of  lodiana. 
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item  the  mosak  plants,  devdqied  the  disease.  On  July  28, 
sixteen  potted  tomato  plants  in  the  {preoyiouse  weie  similarly 
inoculated  with  the  juice  from  mosaic  P.  heterophylia  plants,  and 
by  August  18  nine  had  developed  mosaic.  Four  uninoculated 
plants  held  as  controls  remained  healthy.  In  a  tomato  field,  on 
August  2iy  X919,  thirteen  plants  of  P.  subglabraia  were  inoculated 
with  the  juice  from  crushed  leaves  of  mosaic  tomato  plants. 
Twelve  days  later  eight  had  developed  mosaic.  Nearby  uninocu- 
lated plants  obser\.'ed  as  controls  did  not  dev  elop  the  disease. 
Late  in  August  iqiq,  se^•enteen  potted  tomato  plants  in  the  green- 
house were  inoculated  with  the  juice  from  mosaic  F.  suh^labrata 
plants,  anfl  fourteen  developed  the  disease;  the  seventeen  uninocu- 
lated ti  titr  1  plants  remaining  free  from  mosaic.  On  May  25, 
IQ2I,  four  pntted  tomato  j)lants  in  the  greenhouse  were  inoculated 
by  wounding  the  stem  with  a  needle  and  rubbing  Uic  wounded 
region  with  cotton  soaked  in  the  juice  of  crushed  leaves  of  mosaic 
P,  siAglabr^  collected  at  Frankfort,  and  fifteen  days  later  all  had 
devdoped  mosaic.  The  two  control  plants,  similarly  treated  except 
that  distilled  water  was  substituted  for  the  mosaic  virus,  remained 
healthy.  On  July  15,  192 1,  forty-seven  tomato  seedlings  grown 
under  a  doth  cage  in  the  field  were  moculated  with  the  virus  from 
mosaic  P.  wginiana.  Ten  days  kter  twenty  had  devdoped 
mosaic.  None  of  the  numerous  uninoculated  seedlings  in  the 
cage  developed  the  disease.  The  identity  of  this  PkysaUs  species 
was  verified  by  Paul  C.  Standiey  of  the  United  States  National 
Museum.  The  results  of  these  cross  inoculations  show  that  the 
mosaic  disease  found  on  these  weeds  in  the  field  is  transmissible  to 
tomatoes. 

Observations  on  Phvsalis  mosaic  in  1919  and  1920 

The  attention  of  the  writers  was  directed  to  the  impyortancc 

of  Phy.uilis  as  a  carrier  of  tomato  mosaic  in  the  summer  of  1919. 
Large  numiiers  of  P.  siih(^labra(a  orcurrefl  in  an  experimental  field 
of  tomatoes  near  Frankfort.  Indiana.  Mo.sair  became  epiph\  t<)tic 
on  the  tomatoes  during  the  latter  jiart  of  the  st-ason,  and  also 
appeared  on  many  of  the  Physalis  plants,  t  >pciiaily  in  a  low-lying 
section  of  the  lield  where  the  weeds  were  most  abundajit.    In  this 
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part  of  the  field  about  5  per  cent  of  the  Physalis  plants  showed 
mosaic.  The  reciprocal  cross  inoculations  proved  that  the  causal 
viruses  were  identical,  rhysalis  was  generally  distributed  in  this 
virinitN  .  and  a  sur\  ey  showed  that  mosaic  did  not  occur  to  any 
extent  on  the  plants  at  a  distance  trom  the  toniati)  tield.  In  a  com 
field  about  40  rod^  distant,  several  hundred  Physalis  plants  were 
examined  and  only  two  showed  mosaic.  Horse  nettle  was  present 
in  the  tomato  field,  but  showed  no  mosaic  >ymptoTOS. 

l  iie  location  ol  a  number  ul  the  mosaic  Phy:ialis  plants  in  the 
tomato  field  was  carefully  noted.  The  following  year  this  field  was 
planted  in  corn  and  no  tomatoes  were  grown  in  the  neighborhood. 
On  July  15,  1920,  an  inspection  of  the  fidd  showed  the  Phy^Uis 
plants  again  abundant,  and  in  the  same  part  of  the  field  where 
mosaic  was  noted  in  1919  the  disease  was  now  conspicuous  on  a 
much  higher  percentage  of  the  plants  than  had  been  observed  the 
preceding  fall.  In  a  com  field  adjacent  to  the  west  side  of  the 
experimental  field,  mosaic  was  found  among  the  PkysaHs  plants 
along  the  edge,  but  not  over  100  feet  distant  from  the  fence.  In 
another  com  field  near  the  east  side  of  the  experimental  field,  mosaic 
was  also  found  on  many  of  the  Physalis  plants.  Since  no  tomatoes 
were  being  grown  in  the  vicinity  this  season,  the  prevalence  of 
mosaic  on  Physalis  at  this  early  date  indicated  that  the  disease 
must  have  persisted  in  the  weeds  over  winter.  The  greater  preva- 
lence of  the  disea.«=c  as  compared  with  the  preceding  September 
may  possibly  he  ex])laincd  hy  the  fati  that  many  uf  the  weeds  had 
not  shown  deiniite  mosaic  s}'mpt<*m>  in  the  fall,  whereas  the  young 
shoots  of  the  following  spring  showed  cons{)icuous  symptoms.  It 
has  been  noted  that  mosaic  symptoms  on  old  plants  in  the  fail  may 
become  very  inconspicuous. 

Overwintering  of  virus  in  rootstocks 

Physalis  subglabrata  is  perennial  by  means  of  a  thick  rootstock 
12-18  inches  below  the  surface  of  the  soil,  deep  enough  to  escape 
harm  from  ordinary  cultivation  practices.  In  the  fall  of  191 9 
some  of  these  rootstocks  of  mosaic  plants  were  dug,  and  an 
unsuccessful  attempt  was  made  to  cany  them  over  winter  in  pots 
of  soil.  The  test  was  rq)eated  the  next  year.  Late  in  August 
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1920  a  number  of  rootstocks  of  mosaic  P.  ttibgtabnUa  plants  were 
dug  in  the  Frankfort  fidd  and  planted  in  a  small  ptot  summnded 
by  a  wooden  frame  sunk  in  the  soil  in  a  garden  at  Lafayette. 
These  rootstocks  established  themselves  and  produced  shoots  in 
the  fall  of  1920.  The  rootstocks  remained  alive  over  winter,  and 
in  the  spring  of  1931  sent  up  <hoots  showing  mosaic.  Six  shoots 
had  appeared  by  May  13,  thirteen  by  May  2.^.  and  on  June  3 
fifteen  plants  were  present .  These  mosaic  Fkysalis  shoots  appeared 
well  before  the  date  that  tomatoes  are  tran^lanted  to  the  field, 
and  all  showed  definite  mosaic  qrmptoms  as  soon  as  the  leaves 
unfnl.Iol 

A  number  of  aphids  were  found  on  these  Fhysalis  pbnt'*  tarly 
in  tin-  ^ea^cn.  On  ^^av  ahoiit  t^venty-♦^ve  of  the'^  n|>hi(i>  were 
colicclcd  and  caged  on  thrtr  -inall  iR'allliy  loniato  |>hiin>  in  the 
rnmhouse.  Fourtrcn  day-^  later  onont  Uicae  tumalo  plants  >huwed 
jii'i-aii  .  X.nu'  of  tlu  (  onlrol  i)iant-  (ieveU>pcfl  the (ii^ca^c.  The 
aphids  >i"»n  <ii>api>eare(l  from  tlu'  /Vniu/ii  plants  in  the  field,  but 
this  test  indtcaie»  lhat  ^lo^.uL  might  be  transmitted  from  Fhysalis 
to  tomatoes  by  these  insects. 

Artificial  inoculation  of  tomatoes  with  the  virus  <d)tained  by 
crushing  some  of  the  leaves  from  three  of  these  mosaic  Fhysalis 
shoots  also  was  successful.  Ten  small  tomato  plants  were  mocu- 
lated  on  June  24  by  wounding  the  stem  with  a  needle  and  rubbing 
the  wounded  area  with  cotton  soaked  m  the  Pkysalis  virus.  Eleven 
days  later  all  had  developed  mosaic.  Ten  control  tomato  plants 
were  similarly  treated  except  that  sterile  water  was  substituted 
for  the  mosaic  virus,  and  nine  of  these  remained  free  from  mosaic 
These  tests  show  that  the  mosaic  virus  persists  over  winter  in  the 
rootstocks  of  P.  subgtabrala^  that  the  young  shoots  come  up  dis- 
eased at  an  earlier  date  than  tomatoes  are  set  out  in  the  field,  and 
that  the  diaeaM!  is  readily  transmissible  from  these  shoots  to 
tomatoes. 

Mosaic  Physalis  i\  fields  previoisly  in  tomatoes 

To  determine  how  jrenerallv  the  mohair  di-ra<f  w.-ih  rarr^'ing 
over  winter  in  the  Fhw  tlis  [ilant-^  ^inrlmtiti::  huih  P.  subgiahrata 
and  P,  virginiam),  an  examination  wa^  made  in  aiki  near  tidUs 
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where  tomato  mosaic  had  occmved  in  pzevioiis  yeais.  On  May 

24,  192 1,  an  examination  was  made  in  and  near  the  experimental 
field  at  Fnuikfort  which  had  been  in  tomatoes  In  19x91  and  in  which 
mosaic  was  found  on  the  Phy salt  s  pi  a  n  ts  in  1920.  In  the  dd  tomato 
field)  147  out  of  203  Physalis  plants  examined  (or  74  per  cent) 
showed  mosaic.  The  disease  occurred  more  generally  distributed 
throughout  the  field,  and  on  a  much  higher  percentage  of  the 
plants  tiian  in  1Q19  and  1920,  In  the  manner  characteristic  of 
the  perennial  species  of  Physalis.  many  of  the  phints  occurred  in 
clumps,  and  as  a  rule  the  plants  in  each  clump  were  all  healthy  or 
all  mosaic. 

In  the  field  west  of  the  old  tomato  held,  11  out  of  179,  or  0  per 
rent  of  the  P/iysalts  plants  examined  in  a  strip  about  50  feet  wide 
along  the  fence  showed  mosaic.  In  the  lields  ea^t  of  the  old 
tomato  field,  11  out  of  39,  or  29  per  cent  of  the  Physalis  plants 
exaxnined  showed  mosaic.  In  the  field  to  the  north,  no  mosaic 
was  found  011  the  66  plants  enmined,  but  most  of  these  were  at  a 
oonsidlerable  distance  from  the  tomato  fidd.  From  these  mosaic 
Physalis  plants  the  disease  was  transmitted  to  tomato  plants  in 
the  greenhouse,  as  noted  ui  a  previous  paragraph.  In  this  area, 
therefcne,  the  mosaic  disease  per^ted  in  PhysaUs  plants  two  years 
after  the  tomatoes,  and  even  tiecame  more  prevalent  on  the  weeds. 

OA  May  23,  r92i,  mosaic  Physalis  plants  were  found  in  a  small 
plot  and  in  a  field  near  Lafayette,  in  both  of  which  tomato  mosaic 
had  occurred  in  1920.  On  May  25,  1921,  a  study  was  made  of  the 
Physalis  plants  In  a  three-acre  field  near  Indianapolis  in  which 
tomato  mosaic  had  been  especially  severe  in  1920.  On  one  side 
of  the  field,  6  out  of  200  Physalis  plants  examined  showed  mosaic, 
and  on  the  other  side,  67  out  of  1 59  showed  mosaic.  Thus  a  total 
of  7;;  out  of  368,  or  20  per  cent  of  the  Physiilis  plants  were 
with  mosaic.  No  mosaic  had  been  noted  on  the  Physalis  j)iants 
amont;  the  tomatoL^  in  this  tield  on  September  14  of  the  preceding 
fall.  In  an  adjacent  portion  of  this  held  which  had  been  in  corn 
in  1920,  104  Physalis  plants  were  examined  and  none  showed 
mosaic. 

These  observations  showe<l  that  the  mosaic  Physalis  shoots  were 
appearing  rather  generally  in  lields  which  had  been  in  tomatoes  in 
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previous  yvais,  well  before  the  date  when  the  tomato  plants  for 
the  current  season  would  be  transplanted  to  the  field.  It  is  evident 
that  the  Physalis  plants  once  infected  constitute  a  perennial  reser- 
voir of  mosaic  infection,  which  remains  a  constant  danger  to  any 
future  rrops  of  tomatoes  (  or  tobacco)  in  the  vicinit}-. 

FurUicr  '^bserv'ations  were  made  later  in  the  season  upon  the 
prevalence  ol  mosaic  on  the  Physalis  plants  in  iields  previously 
planted  to  tomatoes.  In  the  field  near  Lafayette  in  which  tomato 
mosaic  had  occurred  in  1920,  43  out  of  77,  or  55  per  cent  of  the 
Physalis  plants  examined  the  third  week  in  July  showed  mosaic. 
Many  volunteer  tomato  plants  had  come  up  in  this  field,  but  among 
the  186  examined,  no  mosaic  was  found  at  this  time,  although 
later  in  the  season  a  few  developed  the  disease. 

TABLE  I 
Fkfs«U$  KocAic  nr  old  xokato  nam 


Fdeld 


». 

3- 
4- 

S 

6. 

V. 


CRor 


Tomatoes 
Toniatoes 
Tomatoes 


Com 
Oats 
Cora 

Tomatoes 
Tomatoes 
Tomatoes 
Not  tomatoes 
Not  tomatoes 


Phstalit  tUMn,  July  ij,  19x1 


A  study  of  the  mosaic  prevalence  among  the  Physalis  plants 
was  made  July  13  on  a  large  farm  near  IndianajK)lis.  of  which  a 
considerable  acreage  was  devoted  to  tomatoes  in  1918.  iqiq,  1920, 
and  192 1.  The  igio  tomato  crop,  compriising  about  100  acres, 
was  practically  100  per  cent  mosaic  in  September.  No  oljscrva- 
tions  were  made  on  the  IQ20  crop  on  this  larm.  but  it  is  sate  to 
assume  that  mo.saic  was  prevalent  that  year.  Mosaic  was  already 
prevalent  in  (he  k^^i  crop.  The  results  of  the  >ur\"ey  of  eight 
fields  on  this  farm  and  the  relation  between  previous  tomato  crops 
and  Physalis  mosaic  are  presented  in  table  I.  From  these  data  it 
b  evident  how  prevalent  mosaic  may  be  on  PkysaUs  one  and  tiro 
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years  after  tomatoes  have  been  grown.  The  mosaic  in  field  no.  7 
probably  was  due  to  the  tomatoes  in  the  field  at  the  time,  since 
many  of  these  also  showed  the  disease.  The  scarcity  of  the  disease 
in  field  no.  8,  which  had  never  been  in  tomatoes,  indicates  that  the 
high  incidence  of  mosaic  in  field  nos.  i  to  6  was  due  to  the  previous 
tomato  crops. 

Distance  mosaic  hay  spread 

Field  no.  8  had  never  been  in  tomatoes  before,  and  the  nearest 
tomato  crop,  that  of  1919  in  field  no.  i,  was  400  feet  dbtant.  The 
few  cases  of  PhysaHs  mosaic  in  field  no.  8  were  foimd  along  the  edgp 
nearest  to  field  no.  i ,  and  are  probably  attxibutable  to  long  distance 
transmission  of  mosaic  from  that  crop.  In  a  wheat  stubble  field 
which  had  never  been  in  tomatoes,  mosaic  was  found  on  Physalis 
along  the  edge  adjacent  to  one  of  the  1919  tomato  fields  (field  no.  3) 
in  a  strip  150-200  feet  wide.  No  mosaic  Physalis  plants  were 
noted  at  a  distanLe  of  250  feet  from  the  e<lge  of  the  field.  The 
occurrence  of  mosaic  Physalis  plants  alon^  the  edjsjes  of  fields  adja- 
cent to  the  Frankfort  experimental  field  has  pre\  iousiy  been  noted. 
The  occurrence  of  two  mosaic  Physalis  plants  40  rods  distant  from 
this  field,  if  attributable  to  spread  from  the  tomatoes,  would 
represent  an  exceptionally  long  distance  of  mosaic  transport. 

Surveys  of  numerous  wheat  stubble  and  corn  fields  have  revealed 
that  mosaic  very  rarely  occurs  on  Physalis  plants  except  in  the 
vicinity  of  tomato  crops,  past  or  present.  In  only  two  instances 
have  apparently  spontaneous  cases  of  mosaic  on  FkysaUs  been 
found.  One  mosaic  plant  was  found  in  a  wheat  stubble  near 
Kntgfatstown,  and  another  in  a  com  field  near  Monticello.  In  the 
light  of  such  observations  it  is  unsafe  to  assume  that  mosaic  is 
indigenous  in  these  wild  hosts.  It  seems  evident,  however,  that 
once  the  disease  is  introduced  by  means  of  tomatoes,  it  may  become 
enphy  totic  in  the  Physalis  flora  of  the  immediate  vicinity. 

Prevalence  and  cukkelation  of  Physalis  and  mosaic 

TN  TOMATO  FIllLDS 

To  ascertain  the  general  j)re\'alence  of  PhysaHs  and  Physalis 
mosaic  in  Indiana  tomato  Iieldb,  and  the  correlation  between  these 
factors  and  mosaic  in  the  tomato  crop,  a  number  oi  tomato  fields 
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in  six  localities  were  eTumined  in  tlie  summer  of  1931.  Of  necessity 
much  of  this  survey  woik  was  rather  hastily  peif oimed.  Included 
in  this  survey  aie  3  fields  ui  Washington  County  visited  June  29; 
13  fields  in  Johnson  County,  June  30;  21  fields  in  Howard  and 
Tq>ton  Counties,  July  2 ;  4  fields  on  a  large  fann  near  Indianapolis, 
July  13;  II  fields  in  Hancock  County,  July  20;  35  fields  in  Marion 
County,  July  21;  and  5  fields  in  Grant  County,  September  17. 


The  results  may  be  sununarized-  as  follows: 

Tomato  fields  examined   8l 

Fields  in  which  Physafi^  w.is  fouml   65 

Fields  in  which  mosaic  on  J'Jivs<iIis  was  lound   35 

h'iddi  in  which  mosaic  on  tomatoes  wa«  found   60 


ndds  in  «liich  Myjolif  and  nidSlic  on  tomatoes  wete   48 

Fidds  in  which  mosaic  on  both  Pkftdk  and  tomatoc*  mu  found  <9 

The  \\'h\v  <K  ( iirrciK  L'  of  Physalis  is  e%  i<leiKc<l  liy  its  i)ri-^fnt  e 
in  f  ;  out  uf  Si,  or  So  ptr  icnt  of  the  tomato  iields  examinmi.  'I'he 
prexalerki.'  of  mo>aic  on  I*h\s<ilis  shown  by  its  presence  in  35 
out  of  65.  or  per  ( «.'nt  of  the  lieids  in  which  the  wee«ls  were  noted. 
1  he  prevalence  ol  tomato  mosaic  is  shown  by  its  occurrence  in  60 
out  of  81,  or  74  per  cent  of  the  fields  examined.  Some  correlation 
between  tanato  mosaic  and  the  presence  of  Pkysalis  is  indicated  by 
the  fact  that  4S  out  of  65,  or  74  per  cent  of  the  fields  contaiidng 
Physiilis  showed  tomato  mosaic,  and  the  fact  that  48  out  of  60, 
or  80  per  cent  of  the  fields  showing  tomato  mosak  contained 
Pkysttiit  plants.  Some  degree  of  correlation  between  the  occur- 
rence of  mosaic  on  both  Pkysalis  and  tomatoes  u  indicated  by  the 
presence  of  mosaic  on  tomatoes  in  29  out  of  35,  or  S3  per  cent  of 
the  iields  In  which  Pkysalis  mosaic  was  found,  and  by  the  presence 
of  mosaic  Physalis  plants  in  29  out  of  60,  or  48  per  cent  of  the 
fidds  m  which  tomato  mosaic  was  found. 

Plant-bed  origin  of  mosaic 

There  were  convincing  indif  aticm-  in  many  of  the  hcl\<  examined 
thriT  mf><;tir  was  trannporTr. i  \<t  the  ndd  with  the  tomato  trans- 
piatU^  in  mnny  ot  the  lu-Mv  in  Jnfui-Dti  atui  Il.incork  coimtic'*, 
originally  scl  uui  with  tomato  ir.iii-[il.iiii -  ini[Mir(<  rl  ir>'in  --outhrm 
states  the  heavy  losses  in  stand  due  to  the  presence  ol  tusanum 
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wilt  in  these  imported  tiansplants*  necessitated  the  use  of  large 
nnmbers  of  locally  grown  r^Iants  to  fill  the  blank  spaces.  Mosaic 
was  distiiictly  more  pr^raleat  on  these  locally  grown  re- 
plants. 

An  examination  was  made  of  the  plant-beds  in  three  localities 
whicli  served  as  sources  oi  these  rephmts,  and  Physalis  plants  were 
found  in  or  near  these  betls  in  all  cases.  No  mo'^aii .  however,  was 
noted  on  these  Physalis  plants.  The  replants  in  in  one  of  these 
localities  had  been  very  generally  diseased  in  ever>-  field  in  which 
they  were  used,  and  on  Julv  70  mos^iic  was  found  ver\'  general  on 
the  tomato  plants  remaining  lii  the  outdoor  plant-be<ls  from  which 
these  replants  had  been  taken.  I'hcse  plant-beds  were  grown  up 
to  w^ds  at  this  time,  and  thirty  Physalis  plants  were  found,  but 
none  showed  mosaic.  In  foct,  Physalis  was  a  partkulariy  abundant 
weed  m  this  nei^iborhood,  and  was  also  noted  in  the  coldfcames  ol 
another  grower. 

The  occurrence  of  Physalis  plants  in  and  about  coldirames  and 
plant-beds  is  considered  of  especial  significance^  because  heve 
tomato  plants  are  grown  year  after  year,  and  oao^  mosaic  gains  a 
foothold  in  these  weeds,  all  succeeding  crops  of  tomato  plants  .will 
be  eiqiosed  to  infection  before  they  are  transplanted  to  the  fidds. 
This  source  of  infi-ciion  is  considered  especially  dangerous,  because 
from  the  plant-beds  the  disease  may  be  introduced  into  numerous 
fields,  and  because  mosaic  reduces  the  yield  much  more  severely 
on  plants  infected  when  very  young.  It  has  been  shown  that  the 
mosaic  disease,  once  introduced  into  a  locality,  may  persist  year 
after  vcar  in  the  perennial  weed  relatives  of  the  tomato.  Since, 
under  Indiana  conditions,  canning  tomatoes  are  grown  in  rotation 
with  other  cro|)s.  and  many  new  lieids  are  being  used  each  year 
for  tomato  pr<Hliu  tion,  the  mosaic  disease  will  undoubtedly  be 
thus  introduced  into  the  j)erennial  weed  tlora  of  new  hclds  and 
hKalities  each  season.  This  will  inevitably  result,  it  would  seem, 
in  the  disea.se  becoming  more  antl  more  widespread  in  the  weed 
llora  each  year,  and  consequently  in  an  alarming  aimual  increase 
in  the  reservoir  of  mosaic  infection  for  future  tomato  crops  unless 
the  vidous  cycle  is  broken. 
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Mosaic  teanshission 

The  ncuis  by  wluch  the  mosaic  li^^fftfff  may  be  transmitted 
fhan  PkysaUs  to  tomato  have  not  been  thoroutshly  studied,  although 
ham  analogy  with  other  mosaic  diseases  it  has  seemed  safe  to 
assume  that  insects  are  the  responsible  agents.  Certain  it  is  that 
insects  are  leqponsible  for  much  of  the  spread  of  mosaic  among 
tomatoes,  because,  by  the  use  of  cages  to  exclude  insects,  the 
occurrence  of  mosaic  has  been  uniformly  prevented.  Plants  thus 
caged  remain  free  from  mosaic  in  badly  diseased  fields. 

The  occurrence  of  aphids  on  mosaic  PhysaUs  plants  early  in  the 
season,  and  the  successful  transmission  of  the  disease  to  a  tomato 
plant  by  these  in'^erts  has  been  mentioned.  Flea-beetles  (Epilrix 
cucumeris)  are  abundant  on  Physalis  plants  throughout  the  season, 
and  these  insects  also  attack  young  tomato  plants.  A  preluninary 
test  indicates  that  they  may  carry  the  disease.  On  July  lO,  1921, 
a  number  of  flea-beetles  collected  on  mosaic  Physalh  plants  were 
placed  in  a  large  cloth  cage  containing  young  tomato  plants.  On 
August  17  six  of  the  338  plants  in  this  cage  showed  mosaic,  while 
no  mosaic  was  found  in  the  218  control  plants  in. a  similar  cage  in 
which  no  flea-beetles  had  been  placed. 

Mosaic  on  Physalis  heterophylla  and  Solanum  cakounense 

Althou^  not  as  abundant  as  the  two  PkysaUs  species  pievi- 
ously  discussed,  PkysaUs  IteterophyUa  and  Solanum  carolinense 
are  of  common  occurrence  in  cultivated  fields  in  Indiana,  the  former 

usually  in  simdy  soils.  Mosaic  in  a  conspicuous  form  was  found  in 
abundance  on  both  of  these  ^3eci^  in  a  peach  orchard  near  Vin- 
cennes,  June  28, 1921 .  A  clump  of  five  mosaic  P.  heterophylia  plants 
was  found  on  July  27  along  the  edge  of  a  field  near  Lafayette  in 
which  tomato  mi)3aic  occurred  the  previous  year.  Mosaic  was 
noted  on  S.  carol ineftse  near  a  canning  factory  at  Indianapolis, 
September  7.  Successiul  cross  inoculations  of  mosaic  from  both 
of  these  species  to  tomatoes  have  previously  been  described.  Both 
species  are  commonly  attacked  by  llea-beetlo. 

Among  the  eighty-one  tomato  fields  \isited  in  the  sur\'ey, 
F.  IteterophyUa  was  noted  in  seven  ileitis  and  S.  Ciirolinen^c  in  LiurLeen 
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fichh.  In  three  fields,  all  in  Marion  County,  mosaic  was  noted  oa 
P.  heterophyUa  and  also  occurred  on  the  taliiat<x->.  In  one  of  these 
(field  no.  7)  ten  P.  helerophylla  plants  were  noted  and  one  showed 
mosaic.  Mosaic  was  noted  on  5.  airoUnense  in  only  one  field,  n 
garden  near  Kokomo  in  which  mosaic  also  occurred  on  P.  sub- 
glabrata  and  on  the  tomatoes.  It  is  evident  that  P.  hdrropftylh 
and  5.  carolincmc  may  function  as  reservoirs  of  mo.^^aic  infection. 
Both  species  are  perennial  by  deep  rootstocks  and  ditijcult  to 
eradicate  or  control  by  cultivation. 

Hoaaic  In  aamul  Solanaeeoos  weeds 

Allard  (i)  transmitted  mosaic  from  tobacco  to  two  garden 
species  ci  Pkysalis  (probably  annuals)  and  to  the  annual  S<danum 
niffmfn  and  Datura  slramomum.  In  Indiana  mosaic  lias  frequently 
been  noted  on  these  weeds.  Attempts  to  cross  inoculate  from 
D,  stramomum  to  tomato  and  vice  versa  have  yidded  native 
results.  In  prdiminaiy  tests  mosaic  has  been  transmitted  success- 
fully from  tomato  to  S,  nignm  and  to  S.  integr^oluim  and  Lyco- 
pmicim  ^mpinfuUifdkm.  Mosaic  has  been  noted  on  cul- 
tivated Pkysalis  pubescens.  The  disease,  of  course,  ts  common 
on  tobacco,  and  has  been  transmitted  to  tomatoes  by  artificial 
inoculation.  Mosaic  has  hc-en  noted  on  tobacco  plants  occurring 
as  weeds  in  hothouses.  While  annual  hosts  cannot  carry  the  mosaic 
disease  over  winter,  they  may  serve  as  sources  of  infection  during 
the  growing  season,  and  aid  in  the  annual  spread  of  the  disease. 
Annual  Solanaceous  weeds  are  undesirable  in  tomato  fields  and 
plant-beds  aiul  in  hothouses. 

Mosaic  control  suggestions 

The  danger  involved  in  growinfj  plants  for  the  field  tomato 
crop  in  hothou.^es  usfd  for  tomatoes  should  clearly  he  understood. 

Tomato  growers  should  recognize  in  the  jxTennial  ground  cherries 
and  horse  nettle  a  di.slincL  danger  lo  their  crop.  Drastic  measures 
should  be  taken  to  eradicate  these  wee<ls  in  the  vicinity  of  tomato 
seed-beds  and  plant-beds.  Furthennore,  during  the  early  part  of 
the  season  these  weeds  should  be  destroyed  or  at  least  kept  down  in 
and  around  the  tomato  field  by  frequent  cultivation  and  hand 
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ptdling.  This  is  especially  important  duiing  the  first  part  of  the 
season,  smce  early  mosaic  infectioii  results  in  the  greatest  loss. 

These  perennial  species  present  extreme  difficulties  in  the  way 
of  control  because  of  the  deep  rootstodts  and  the  prompt  reappear- 
ance of  new  shoots  after  the  old  ones  are  destroyed. 

The  annual  Solanaceous  weeds,  such  as  nightshade  and  certain 
ground  cherries,  should  be  destroyed  in  and  near  tomato  fields  and 
plant-beds. 

Hothouses  to  be  used  for  tomatoes  should  be  kq>t  free  from 

Solanaceous  weeds. 

Tomato  plant-beds  should  be  cleared  of  all  weeds  and  remain* 
ing  tomato  plants  as  soon  as  no  more  transplants  are  needed. 

Transplants  from  plant-beds  in  which  mosaic  is  present  should 
not  be  used. 

Theoretically  these  weed  relationships  are  equally  important 
m  connection  with  the  control  oi  mosaic  in  tobacco. 

• 

Summary 

I.  Tomato  mosaic  may  be  carried  over  winter  in  hothouse 
tomato  crops,  but  this  does  not  account  for  the  great  bulk  of  mosaic 
infection  in  the  canning  crop. 

3.  In  a  total  of  33,944  tomato  plants  grown  from  seed  from 
mosaic  plants,  no  evidence  of  seed  transmission  of  the  disease  was 
obtained. 

3.  The  mosaic  disease  has  been  found  occurring  in  the  field  on 
the  following  perennial  weed  relatives  of  the  tomato  in  Indiana: 
Pkysalis  subglabrata,  P.  virgfHiana,  i*.  k^tropkylht  and  Sn^aimm 
caroUneHst,  Mosaic  has  been  transmitted  to  tomatoes  from  eadh 

of  these  species. 

4.  It  has  been  proved  that  the  mosaic  virus  persists  over  winter 

in  the  rootstocks  of  P.  suh^lahrata.  The  young  mosaic  shoots 
appear  in  the  spring  before  tomatoes  are  transplanted  to  the  field. 

From  these  shoots  the  disease  has  been  transmitted  to  tomatoes. 

5.  Physalis  suht^Uihrafa.  with  some  admixture  of  the  very  similar 
P.  virginiana,  is  a  ver\-  prevalent  weed  in  Indiana  tomato  fields 

6.  Examination  ot  these  weeds  in  fields  previously  in  tomatoes 
shows  that  a  considerable  percentage  of  the  Physalis  plants  come 
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up  showing  mosaic  the  next  year,  and  likewise  the  second  year  after 
the  tomatoes.  The  disease  persists  among  these  weeds  year  after 
year,  and  such  weeds  serve  as  a  perennial  reservoir  of  mosaic  infec- 

tum  for  future  tomato  crops. 

7.  Mosaic  has  not  been  found  to  any  extent  occurring  spontane- 
ously in  Fkysalis,  and  is  present  in  the  weeds  only  ia  and  near 
fields  once  used  for  tomatoes.  As  mme  and  more  new  fields  are 
used  for  tomatoes,  however,  the  reservoir  of  mosaic  infection  in 
the  perennial  weed  flora  will  increase  each  year. 

8.  Evidence  of  spread  of  the  disease  to  Pliysaiis  plants  200  to 
400  feet  from  tomato  fields  has  been  adduce<l. 

0.  Tn  a  field  surv  ey  Physalis  was  observed  in  65  out  of  81  tomato 
fields,  and  mosaic  was  noted  on  Physalis  in  35  of  these  fields,  and 
on  both  Physalis  and  tomatoes  in  29  fields.  Tomato  mosaic  was 
noted  in  60  tields,  and  in  48  of  these  Physalis  was  found. 

10.  In  many  liclds  the  tomato  mosaic  was  undoubtedly  of 
plant-bed  origin.  Mosaic  was  found  on  tomatoes  in  plant-beds. 
Physalis  is  often  present  In  and  near  plant^bedi. 

IX.  Aphids  and  flea-beetles  may  play  a  part  in  the  transmission 
of  mosaic  between  Physalis  and  tomatoes. 

I  a.  Physalis  hekropkyBa  was  found  in  7  of  the  81  tomato  fields 
enunined,  and  in  3  fields  showed  mosaic. 

15.  SoUmum  caroikifmse  was  found  m  13  of  the  81  tomato  fields 
examined,  and  m  one  field  showed  mosaic. 

14.  The  eradication  of  perennial  Solanaceous  weeds  in  and  near 
tomato  fields,  and  particularty  the  plant-beds  eariy  in  the  season, 
is  recommoided  as  a  mosaic  control  measure. 

The  writers  wiih  to  acknowledge  their  indebtedness  to  Professor 
|I.  S.  Jack.son  for  helpful  suggestions  and  criticism. 
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EXPLANATION  OF  PLATE  XVn 

Symptoms  of  mosaic  in  Pky$dis  subglabnto:  at  left  two  leaves  (torn  normal 
plant ;  at  right  ten  Jcaves  irom  mosaic  plants;  small  boles  in  leaves  eaten  out 
by  flea-beetles. 
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Hyposcyion  and  its  allies  have  been  left  more  or  less  uninvesti- 
gated on  account  of  the  coriaceous  structure  of  the  stroma  and  the 
difficulty  "of  cutting  satisfactory  thin  sections.  Di-;  Barv  gave  a 
general  summary  of  Fuisting's  researches  on  Ilypoxylon  and  other 
members  of  the  family,  and  said  that  it  agreed  with  Xyhiria  poly- 
morpha  in  the  structure  of  stroma  and  the  develojiraent  of  asci. 
He  also  stated  that  there  appeared  in  the  young  coil  that  is  the 
pilinurdium  of  the  perithccium  "a  row  of  broad  cells  irregularly 
rolled  up  and  full  of  protoplasm."  called  by  Fuistimg  Woronin 
hyphac.  As  the  perithecium  grows,  these  disappear  by  gelatiniza- 
tion,  and  the  ascogenous  h>'phae,  the  periphyses,  and  the  para- 
physes  grow  out  from  a  subhymenial  layer  of  6-8  cells  tbat  line  the 
perithedum.  The  whole  ascocaip,  according  to  I>£  Bary»  is  filled 
with  a  mass  of  paraphyses  before  the  ascogenous  hyphae  appear 
at  their  base  and  grow  up  between  then. 

In  recent  years  only  two  of  the  family  Xylariaceae  have  been 
studied,  Pormia  punctata  by  Dawson,'  and  XyUma  by  Browk.' 
In  that  part  of  his  study  idated  to  the  devdopment  of  thepeiithe- 
dum.  Brown  says  that  in  the  center  of  a  tangle  of  hyphae  smaller 
than  ^e  others  there  are  broad  cells  shorter  and  richer  in  proto- 
plasm. These  he  identifies  as  Woronin  hyphae,  and  states  that  they 
enlarge  and  probably  divide,  and  then  round  off  to  form  the  large 
multinucleate  ascogonia  which  usually  fall  to  the  bottom  of  the 
perithedum  and  there  bud  out  the  ascogenous  hyphae.  He  further 

*  Dawson,  Mabu,  On  the  biology  of  Pomda  ptmUata,  Ann.  Botany  14: 
345'*26o.  1900. 

'  Brown,  H.  B.,  Studies  in  the  development  of  Xylana,  Ann.  Myoologid 

11:  l-H.  lOI 3. 
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states  that  paraphyses  arise  b>'  an  increaaed  growth  from  the  oeDs 
of  the  inner  perithecial  wall.  The  nuclear  program,  although  not 
clear,  is  thought  to  involve  an  increase  in  the  number  of  nuclei 
from  the  first  uninudeate  Woronin  hyphae,  and  probably  aiso  further 

division  in  the  ascogcnous  hy])hae.  From  the  comparative  size 
of  the  nuclei  he  inferred  fusion  in  the  ascus,  and.  this  was  the  only 
fusion  occurring  in  the  hfe  history. 


The  material  used  was  collected  in  September  from  dead  beech 
bark  at  Sullivan,  Ohio,  by  Professor  Chamberlain,  who  noticed 
that  it  seemed  soft  when  all  the  other  stiomata  around  it  were 
characteristicaUy  hard  and  mature.  Specimens  were  sent  to  Mrs. 
FiOBA  Pattbssok,  mycologist  at  the  Bureau  of  Pbmt  Industry  m 
Washington,  and  she  identified  the  form  as  Bypoxylm  eoedttetm. 
It  was  fixed  in  chromoacetic  acid  and  stained  in  haemotoxylin. 
Some  of  the  material,  wliich  had  not  been  satisfactory  in  safranin, 
was  destained  and  then  run  into  haemotoxylin;  and  some  of  the 
very  young  material  was  counterstained  in  gold  orange.  Both  of 
these  latter  methods  gave  good  results,  because  they  differentiated 
the  fungus  cellulose  and  outlined  the  hyphae  shar])ly.  yet  left  the 
nuclei  clear  black  and  sharply  marked.  The  sections  were  cut  2, 
3.  4.  5,  8,  and  10 /*  thick,  the  younger  stages  beinir  cut  very  thin. 
Whether  or  not  the  late  fall  development  of  this  stroma  is  usual  is 
not  known  to  the  writer. 


In  longitudinal  section  (fig.  i)  the  stroma  of  Hypaxyl&H  shows  a 
differentiation  into  four  distinct  r^ons  that  can  be  seen  in  thin 
sections  even  with  the  naked  eye.   These  are  (i)  an  innermost 

central  region,  round  in  shape,  which  under  the  microscope  is 
marked  by  a  loose  arrangement  of  hyphae  emerging  from  the  sub- 
stratum; (2)  a  compacted  zone  above  this  of  large,  parallel,  mostly 
empty  hyphae  that  form  a  dome  o\  er  the  centra!  region  and  up  the 
main  body  of  the  stroma;  (3)  the  peritheoial  layer  of  loosely  woven 
hyphae  with  much  interhyphal  space  and  perithecia  scattered 
throughout  the  region;  and  (4)  the  superficial  layer  which  is 
further  ditlcreiuialed  into  a  line  marking  ou  the  fruiting  asone  by 
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intertwining  hyphae  running  parallel  to  the  stroma  and  taking  a 
very  dark  stain,  a  space  occupied  by  loose  hyphae  with  dense 
protoplasmic  contents,  and  a  bounding  surface  of  close  hjphae 
staining  black  and  doubtless  containing  the  remnants  of 
conidiophores. 

In  the  central  region  three  types  of  hyphae  are  distinguishable. 
The  most  conspicuous  of  these  (fig.  2)  is  the  one  of  large  long  cells 


Fig.  I. — Longitudinal  section  showing  borders  of  the  four  zones  of  stroma  and  the 
additional  markings  seen  in  compact  layer  of  stroma;  perithecia  visible  in  fruiting 
zone;  Xj6. 

staining  brown,  between  which  are  small  h>phae  with  dense  proto- 
plasm, and  still  smaller  ones  not  staining  so  densely.  These  are 
apparently  differentiated  from  the  time  of  emerging  from  the  sub- 
stratum into  stroma-forming  h\phae,  into  hyphae  which  form  the 
perithecium,  and  into  those  which  form  the  conidiophores  and 
superficial  layers.  The, supporting  structure  is  formed  entirely 
by  the  largest  filaments  by  means  of  various  devices  for  interlocking 
the  whole  mass  and  giving  to  the  stroma  sufficient  firmness,  and 
the  same  devices  are  used  also  in  the  zone  above  this.    One  of  the 
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moBt  frequent  devices  is  tiiat  of  spedaUy  adapted  artkolation 
nirfaces  near  the  croa-waUs  (fig.  26),  ivliefe  the  oeH  of  another 


Frf:-;.  Fip,  ?,  portion  of  hyph.u-  from  ci  iitml  ro'rinn  ■?howinj?  twn  principal 

variations  in  size  and  methods  of  mechanical  support;  a,  pit  through  wall;  b,  artku- 
Ifttkn  lufiace  at  septum;  c,lndbo«s  swellings aaddepicasions  fitting  toitechCT;  Xisse; 
figs.  3,  4,  hyphac  from  «amc  znnr  <howinj:  support  pnined  by  twisting:  ■\\v.\  finnt  li 
iog;  Xi350i  figs.  5,  6,  intcrhyphal  connections:  a,  bordered  hole  from  sectioning 
pratubennce;  Xis$o;  lie.  7»  stuCace  view  ol  cifly  perithedal  coil;  Xiise. 

thread  rests  against  a  flat  supporting  surface  for  a  brace.  Another 
method  oi  support  ^hgs.  2Ct  3)  is  the  interlocking  ot  adjoining  hyphae 
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by  bulbous  swellings  from  one  cell  fitting  into  corresponding  depres- 
sions of  the  next.  Sometimes  the  fungus  thnnd  branches  dichotom- 
ously  and  forms  a  rest  for  another  hypha  in  the  fork  (tig.  4).  and 
again  the  two  often  intertwine  and  bend  around  each  other  (fig. 
Contrary  to  expectation,  the  walls  of  the  three  tvpe-;  of  hyphae 
are  uniform  in  thickness,  and  although  irregular  ihit^kenings  of 
cellulose  in  the  walls  of  the  stroma- forming  hsphae  make  them 
uneven,  they  arc  not  really  thicker.  Pits  (fig.  la)  through  the 
walls  are  abundant,  and  although  in  a  few  rare  cases  these  seem 
to  be  open,  in  the  great  majority  a  definite  separating  membrane  is 
very  dear.  The  cells  of  the  smaUer  hyphae  are  binudeate,  but  the 
nudear  condition  in  the  larger  is  difficult  to  distinguish,  because 
In  the  few  (daces  where  the  contents  are  visible  they  oontain  dark- 
staining  granules.  As  definitely  as  oould  be  distinguished,  how- 
ever, they  have  many  multinudeate  ceils  which  ]iave  probably 
developed  from  the  bmudeate  condition  by  division  of  the 
nudei. 

In  the  compact  «me  above  the  central  region  the  stroma  appears 
to  be  uniformly  composed  of  the  same  large  empty-celled  hyphae 
already  mentioned,  which  radiate  out  in  parallel  rows  from  the 
center  to  the  perq>heiy;  but  if  the  filaments  are  spread  apart  or 
a  cross-section  is  examined  the  same  differentiation  of  the  three 
sizes  is  seen.  The  walls  show  the  same  thickenings  and  pits  already 
described,  and  the  cells  fit  into  each  other  in  the  same  way.  making 
a  very  firm  dense  i)seudoparenchyma.  In  some  j^laces.  beside  the 
incurving  of  cells  to  ea(  h  other,  they  hold  together  in  the  corners, 
much  like  xylem  ceils.  One  peculiarity  of  this  part  of  the  stroma 
seen  in  longitudinal  section  is  the  large  number  of  holes  bordered 
by  walls  ffig.  5ft).  These  are  cut  ends  of  protuberances  from  the 
cells  (figs.  5,  6),  and  are  one  of  the  methods  of  mechanical  support 
not  found  in  the  previous  zone.  They  are  not  the  technical  damp 
connections  of  De  Bary's  descr^tion,  because  they  occur  not 
only  near  the  septa,  but  from  any  place  al<Mig  the  cell  to  another  in 
the  same  hypha,  and  because  they  cannot  be  so  named  until  their 
method  of  development  has  been  established.  Here  they  are 
blind  tubes  that  r^ch  from  one  cell  to  fit  flat  against  the  wall  of 
an  adjacent  hypha  and  damp  the  two  togetb^. 
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Odier  pectiliaiitks  of  this  part  are  the  brown  mottled  appear- 
anoe  of  the  whole  legioa,  dae  probably  to  icregiUar  depositing  of 
some  substance  in  the  walls,  and  the  further  zonation  of  this  por- 
tion of  the  stroma  (fig.  i).  This  last  character  is  one  of  the  peculiar 
tayonomic  features  of  DaUrnia,  and  in  Hypoxylon  is  not  evident 
excq>t  through  the  microscope.  These  parallel  markings  are  due 
to  irregularities  in  growth  that  result  in  a  region  of  short  cells 
bordering  a  region  of  long  cells,  and  to  the  hyphae  intertwining 
more  at  this  point. 

On  the  outer  edge  of  this  portion  of  the  stroma  the  large  hyphae 
end  at  \arying  levels,  sometimes  with  a  club-shaped  enlargement, 
and  do  not  give  a  definite  line  of  demarcation.  From  between 
these  the  two  types  of  hyphae  rich  in  protoplasm  pass  out  to  form 
the  upper  layers,  and  of  these  the  larger  do  not  pass  much  bevond 
the  lower  part  of  the  perithecial  zone,  where  some  of  them  form  the 
fruiting  bodies,  and  the  smaller  continue  on  beyond  this  to  form  the 
three  superJicial  boundaries.  It  Ls  this  situation  which  indicaLc.i 
that  the  sizes  of  these  hyphae  were  differentiations  according  to 
function  and  not  accidental  vaiiations.  In  this  region  of  scattered 
hyphae  that  form  the  perithecial  layer,  and  also  in  the  three  outer 
rei^ons,  the  cells  axe  typically  binudeate,  althouj^  a  very  few  with 
several  nuclei  are  seen;  and  this  is  true  also  for  the  hyphae  forming 
the  perithecial  wall.  On  the  outer  surface  of  the  stroma  are  spheri- 
cal excrescences  like  bubbles,  and  these  are  related  to  the  inter- 
hyphal  spaces.  They  are  probabty  the  excretion  of  some  oily 
substance  through  the  stroma,  and  it  is  owing  to  this  that  the  young 
stromata  feel  smooth  and  sUghtly  greasy  to  touch. 

Formation  of  peritiiecia  and  ascogonia 

In  the  formation  of  peritheda  in  Hypoxylon  the  iirst  evidence 
of  their  origin  is  the  coiling  of  hyphal  ends  or  of  branches.  As 
already  slated,  it  is  the  larger  of  the  two  [irotoplasm-filled  hyphae 
diflerentiated  from  the  substratum  that  do  this,  and  af)parently 
they  do  not  show  any  increase  in  size  before  or  immediately  after 
this  stage.  Other  hyphae  of  the  same  size  surround  these  initial 
coils  and  form  a  small  circular  knot  ( rig>.  7-q).  which  was  the  earliest 
stage  Bkown  recognized  in  the  development  of  the  perithecia  in 
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Xylaria,  Ftcm  the  evidence  there  is  no  basis  £or  bdieving  in  any 
earlier  differentiation  of  Woronin  hyphae  as  initiating  the  ooittng 
process;  but  they  do  become  differentiated  in  the  center  of  the  coil 
by  an  increase  in  size  very  soon  after  the  perithecial  primordia  are 
well  started  (fig.  lo).  Growth  in  the  size  of  the  pmthectam  is 
accomplished  by  increase  in  ihe  length  of  the  wall  hyphae,  and  also 
by  the  addition  of  other  hyphae  around  the  outside.  With  this 
increase  in  size  the  wall  layers  become  thinner  and  compact, 
and  sofne  of  the  inner  hyphae  decrease  in  size  and  become 
absorbed,  probably  furnishing  noi!ri<hment  for  the  fertile  branches 
(figs.  lo,  lid).  A  large  number  ol  peritheci;',  -^trirt  hut  tew  mature, 
and  these,  logically  in  relation  to  their  food  suppl) .  are  mostly 
toward  the  inner  line  of  the  perithecial  zouq.  The  others  remain 
intact  and  are  scattered  throughout  the  fruiting  region,  aj^parently 
inhibited  from  further  growUi  at  any  stage  in  their  development, 
and  remaining  without  change  at  that  stage.  As  an  exception  to 
this,  some  of  the  larger  perithecia  that  have  reached  the  point 
when  they  contain  asoogonia  and  then  become  abortive  show  signs 
of  deliquiesdng  and  dishit^iating.  As  a  rale  the  older  perithecia 
are  toward  the  top  of  the  stroma  and  the  younger  stages  are  down 
toward  the  substratum. 

Within  the  perithedum  the  filament  in  the  center  devdops  into 
the  Woronin  hypha  (fig.  zo).  It  increases  in  length,  and  in  siae 
and  number  of  odls;  and  after  this  some  of  the  odb  round  out, 
increase  in  size,  and  eventually  sq>aiate  hom  each  other  to  form 
the  aaoogonia.  The  enlargement  is  not  uniform  as  to  the  size  and 
shape  attaii^,  for  these  ascogonia  (fig.  iib)  are  many  of  them 
uneven  and  contorted  in  outline,  and  many  of  them  retain  narrow 
stalklike  connections  with  cells  from  which  they  have  not  become 
completely  separated. 

The  nuclear  condition  in  the  Woronin  h^^phae  and  ascogonia 
is  the  critical  point,  and  is  hard  to  determine  because  of  the  extreme 
variations  in  the  size  of  the  nuclei  and  the  diliicuity  of  determining 
surre>si\  e  aLagcs.  As  said  before,  the  cells  of  the  Woronin  hyphae 
are  liinucleate  (fig.  p).  and  as  they  enlarge  (tig.  lo)  they  show  a 
stea«ly  and  marked  increase  in  the  size  of  the  nuclei  from  the 
time  the  knot  is  well  formed.    There  are  one  or  two  divisions,  after 
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which  th^  mcrease  their  stae,  and  at  the  dme  of  the  rounding  out 

of  the  ascogonia  there  are  four,  sometimes  more,  large  nuclei  five 
or  six  times  the  size  of  the  originals.  As  the  asoogonia  increase  to 
the  enormous  odd  shapes  found  in  the  more  mature  perithecia,  the 
nuclei  show  great  variation  in  sise  and  number  (fig.  ii).  During 
this  stage  they  undergo  rapid  division  without  maintaining  their 
size,  and  in  the  ascogonia  which  show  ex  i'lences  of  budding  out  the 
ascogenous  hyphae  they  are  small  and  number  sixteen  or  more  in  a 
section.  E\'idence  for  this  interpretation  of  the  nuclear  program 
is  gained  also  from  the  perithecial  wall,  because  as  it  grows  more 
mature  in  character  these  changes  in  size  and  number  are  unmis- 
takable. There  is  no  evidence  of  fusion  in  any  stage  of  the  devel- 
ojiinent  of  the  ascogonia.  No  mitotic  figures  were  visible,  but  in 
iiKtay  cases  tlie  position  oi  Uie  two  nuclei  was  such  as  to  suggest 
late  division. 

The  ascogonia  do  not  drop  to  the  bottom  of  the  perithecium 
before  germinating.  Instead  the  increase  in  size  of  the  wall  is 
toward  the  periphery  of  the  stroma,  and  the  ascogonia,  although 
in  the  same  actual  position,  seem  to  have  dropped  because  of  the 
expansion  of  the  perithecial  wall  toward  the  surface. 

Aacogemms  h|phae 

The  material  used  was  just  at  the  stage  when  the  ascogenous 
hyphae  were  begimiing  to  bud  out,  and  no  detail  about  the  forma- 
tion of  these  can  be  given.  Great  care  was  necessary  not  to  con- 
fuse some  of  the  stalk  connections  where  sqiaration  was  incom- 
plete with  ascogenous  hyphae.  These  could  be  recognized  by  their 
direction  and  evident  connection  with  some  part  of  the  filament 
traced  through  serial  sections.  Legitimate  cases  of  buds  (figs.  12,13) 
just  formed  were  found,  however,  and  although  of  course  the  nuclear 
situation,  .'reparation,  and  liranching  could  not  be  determined, 
apparent]}'  the  procedure  would  t)e  the  same  as  described  lor  other 
forms  where  the  nuclei  migrate  into  the  buds  from  the  ascogooia, 
and  further  division  takes  place  there. 

A  supposition  lacking  evidence  to  support  it  is  that  the  pa- 
raphysc^s  described  hy  De  B.\rv  and  Hkow  x  might  be  formed  from 
these  early  ascogenous  hypliae  ur  branched  of  them  instead  of 
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from  n  subhymenial  layer.    This  seems  reasonable,  since  at  this 

stage  the  compact  wall  of  the  perithecium  is  an  unlikely  place  for 
new  growth,  and  there  is  no  evidence  of  new  h}  ph,Tp  being  found 
to  account  for  the  paraphyses  in  other  forms.  It  seems  very  prob- 
able that  this  is  their  origin  here. 

Summary 

1.  The  stroma  is  difierentiated  into  four  regions,  and  in  one  of 
these  further  zonation  is  evident. 

2.  The  firm  structure  of  the  stroma  is  gained  by  \  arious  me- 
chanical devices  for  support,  such  as  tubular  extensions  from  cells, 
branching  and  intertwining  of  hyphae,  and  special  articulation 
surface. 

3.  The  hypliae  m  differentiated  into  three  types  from  the 
time  of  their  emefgenoe  from  the  substratum:  those  that  form  the 
major  port  of  the  stroma,  those  that  form  the  petitheda  and  Wo* 
ronin  hyphae,  and  those  that  form  the  superficial  layers  and  probably 
the  oonidiophores. 

4.  The  cells  of  the  hyphae  are  origmally  binudeate,  but  may 
become  multinttdeate. 

5.  The  formation  of  the  peritheda  is  initiated  by  the  massing 
of  the  hyphae  into  a  circular  knot,  within  the  center  of  which  the 
Woronin  hyphae  differentiate. 

6.  The  ascQgonia  develop  from  the  cells  of  the  Woronin  hyphae 
by  rounding  out,  partially  separating  from  each  other,  and  increas- 
ing in  size. 

7.  The  ascogonia  do  not  drop  to  the  bottom  of  the  perithecium 
in  the  older  stages,  but  come  to  lie  comparatively  closer  to  the 
bottom  by  an  expansion  of  the  perithecial  wall  toward  the  periphery 
of  the  stroma. 

8.  The  nuclear  program  within  the  ascogonia  is  i)ne  of  few 
divisions  and  great  increase  in  size,  up  to  the  stage  where  the 
ascogonia  are  well  rounded  out,  and  then  of  rapid  division  without 
the  maintenance  of  size. 

9.  The  ascogonium  buds  out  protuberances  that  are  the  begin- 
nings of  the  ascogenous  hj^hae. 
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Tlie  writer  wishes  to  express  appiedation  and  thanks  to  Pro- 
fessor C  J.  Chamberlain,  under  whose  direction  the  study  was 
made;  and  to  Mrs.  Flora  Patterson  for  identifying  the  material. 
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Fig.  8. — Early  stage  of  coil  in  section,  showing  nuclei  already  increased  m 
sbe;  Xi37S- 

Fka  9.— Another  view  of  a|»(Mroiiiiiatdyssme  stage,  induduigsem^  cells 
with  nudei  of  original  size ;  X 1 562. 

Fig.  10. — Later  stnpc  of  pcrithecium  with  wall  yet  loosely  fonned:  laige 
nucleated  Woronin  hypiiae  in  center  of  perithccium;  X1562. 

Fig.  II. — Still  later  stage  with  compacted  waJI  and  growth  towild  pe- 
lipheiy  stsxted  so  thst  aacogonia  lie  relatively  neater  bottom:  a,  hu!ge  nucleated 
ascogoinum;  b,  ascogmia  of  inegnlar  shape  and  atalkUke  connection  left  with 
Avhat  was  original  coil;  r.  multinuclente  matUIO  aacOgOOtum;  hyf^MO 
decreasing  in  size  unrl  (iisintcgrating;  X1.S62. 

Figs.  120,  13. — Beginning  stages  in  budding  of  ascogonia  to  fonn 
agoogoMnis  hyphae;  Xi^s. 
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NOTES  FOR  STUDENTS 

Qiuuilltttfr*  nIalloM  «f  regeaanUtos.— Reed'  has  coatributed  a  new 

quantitative  study  of  growth  hi  pfimed  trees  as  compared  witik  unpnnied, 

with  particular  reference  to  such  questions  as  whether  the  growth  response 
is  merely  tlie  restoration  of  lost  parts,  in  what  manner  the  amount  ol  regenera- 
tion is  correlated  with  length,  and  number  of  buds  of  the  mother  shoot;  also 
what  light  a«se  Ydadons  affoid  hi  the  problon  of  thedomhiBiieeof  tike  slwot 
apex.  He  finds  no  cocxelatioii  beCween  the  length  of  modicr  shoots  and  the 
amount  of  new  growth  produced  by  them,  whether  pruned  or  unpruned.  On 
the  other  hand,  shoots  pruned  the  previous  winter  [>rfKluced  about  65  per  cent 
more  total  growth  than  comparable  unpruned  shoots;  the  degree  of  hiding 
ha<^  had  Httle  effect  on  the  amooaL  Hesice,  regenentian  folbwhig  pmning 
&  not  a  tendency  to  lestofe  kwt  paits,  but  hi  tents  of  growth  fate  of  the  shoot 
is  taken  to  indicate  increased  activity  of  the  growth  catalyst.  In  connection 
with  the  characteristically  greater  growth  of  laterals  at  the  distal  end  of  a 
pruned  shoot,  the  condiukm  is  reached  that  this  greater  activity  results  irom 
the  eUmination  of  the  growth-mhibiting  dudones  produced,  in  the  apical  part 
of  the  shoot  which  nonnalty  keep  the  kteial  buds  in  donnanqr.  The  alter' 
native  hypothesb  that  pruning  reduces  the  nimiber  of  potential  growing 
points,  hence  permits  of  greater  development  of  the  remaining  buds,  is  rejected 
because  it  was  found  that  the  more  heavily  pruned  mother  ishuots,  that  is, 
the  shoots  in  which  the  number  of  remaining  buds  was  least,  failed  to  make 
nure  total  hiteral  growth  than  the  hmgernoother  shoots.  It  is  worthy  of  note 
that  according  to  the  author's  hypothesis  of  basqiet^d  migration  of  a  growth- 
inhibiting  substance,  the  greatest  concentration,  and  hence  the  most  pro- 
nounced inhibiting  ellect.  is  at  the  base  of  the  shoot.  ^Vhen  a  mother  shoot 
h  pniiied  to  a  few  basal  buds,  however,  the  lateral:}  developing  from  such  buds 

become  longer  than  latezak  of  kss  severely  pruned  shoots.  Thb  would  seem, 
to  be  evidence  indicating  some  effect  from  roduction  of  oompetition  between 
tile  several  buds. 

LoKB*  reaches  a  soTucwhat  different  conclu.sion  from  experiments  on 
regeneration  in  Bryophylium,  in  which  the  weight  of  shoots  produced  from  the 

*  Rked,  H.  S.,  Correlation  and  growth  in  the  bfsncfaes  of  young  pear  trees. 

Jour.  Agric.  Res.  31:840  ^71"!.  />/  /.  T021. 

'  L*)Ka,  Jacquks,  The  quauiitative  basis  of  the  polar  character  or  regeneration  in 
Bryophylium,   80*00654:5^1-522.  lyai. 
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apical  buds  of  an  intact  defoliated  stan  was  compared  with  the  total  weight 
of  shoots  pro<luct.'<l  from  similar  stems  divided  into  iX)rtions  of  one  node  each. 
From  the  approximate  equivalcn  r  of  these  quantities  he  concluded  that 
"  the  poJar  character  of  the  regeneration  ot  shoots  is  due  to  the  fact  that  all 
the  material  available  for  growth  readies  the  apical  and  none  of  the  other 
nodes  of  a  long  piece  of  stem.*'  The  relation  of  this  conchision  to  Loeb's 
well  known  earlier  work  on  regeneration  in  BryophyUum  is  not  quite  clear  to 
the  reviewer,  since  nothing  appears  here  concerning  the  elTect  of  a  growth- 
inhibiting  hormone  by  which  is  to  be  explained  the  dominance  ot"  the  apical 
and  the  inhibitioD  of  the  Intend  buds. 

Aldioai^  the  reviewer  is  aware  that  the  two  cases  are  not  strictily  €oaipar> 
able,  it  would  seem  that  if  inhibition  of  lateral  buds  is  the  effect  of  a  basipetally 
minting  growth -inhibiting  substance,  the  ma.x'imum  cfFcct  of  "paining" 
would  result  from  complete  isolation  of  each  bud  fium  the  deleterious  cflects 
of  its  nej^bora^  as  Lokb  was  able  lo  do  in  BryophyUum^  and  as  was  impossible 
in  Rxed'8  experiments  with  the  pear.  Yet  the  eqieriment  witii  BryopkyUmm 
resulted  in  the  production  of  a  greater  amount  of  new  growth  from  the  intact 
than  from  the  divided  stom. 

The  arguments  in  support  of  the  several  theories  to  account  fur  the  domi- 
nance of  the  apical  portion  of  a  shoot  have  been  reviewed  recently  by  Child.' 
and  several  objections  to  the  hypothesis  of  growtii'inhihiting  hoimones  pcnnted 
out.  It  would  appear  that  further  progress  toward  the  solution  of  this  problem 
must  wait  on  more  adequate  information  concerning  the  anatomical  relations 
of  apical  and  lateral  buds,  and  of  tissue  changes  in  regeneration.  For  instance, 
the  transport  efficiency  of  the  vascular  supply  to  the  apical  as  compared  with 
lateral  buds  does  not  appear  to  have  been  adequat^  hivestigated.  The 
relative  age  of  the  terminal  as  compared  with  other  buds  is  important  in  this 
connection.  In  shoots  with  the  indeterminate  growth  habit  the  apical  bud 
may  establish  its  dominant  rdie  in  the  axial  gradient,  which  it  thereafter 
retains,  in  the  judgment  ol  Child,  by  virtue  of  its  priority.  In  shoots  of 
limited  apical  growth  different  relations  may  obtam.  Agahii  if  inhihition  of  a 
growing  tip  »  a  transmission  through  protoplasmic  connections  rather  than  the 
physical  transportation  of  a  snt>stance  through  the  vascular  tracts,  as  Child 
hold?  on  the  basis  ol  the  behavior  of  simple  animal?  and  no n  vascular  plants, 
evidence  of  cytoplasnuc  ccU  connections  should  be  sought  in  such  active 
portions  of  the  dK>ot.  The  effect  of  callus  depositian  in  the  ueve  tubes  and  of 
changes  in  the  phloem  (both  sieve  tubes  and  parenchyma)  toward  Ugnification 
should  be  determined  in  relation  to  a  possible  gradient  in  transport  clliciency 
from  apex  to  base.  The  coordination  of  histologic  al  and  physiological  studies 
in  this  problem  is  greatly  to  be  desired.— I  kllman  Weiss. 

The  rapprochement  in  ecology. — A  notable  feature  in  the  dwelopmcnt  of 
ecology  has  been  the  marked  divergence  between  the  American  and  Continental 

>Amer.  Jour.  Bot.  8: 286-295.  2931. 
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European  schools.  Ccmtmental  ecology,  developing  naturally  and  by  degrees 
from  the  older  study  of  flor&tic  pint  geogniifay,  hoi  reHfaied  auidi  of  the 

tuooomic  standpoint,  and  methods  for  distinguishing,  classifying,  tad  arrange 

ing  vegetational  units  according  to  their  physiognomy  have  been  ver>  highly 
developed .  In  America,  on  the  other  hand,  and  latterly  also  in  the  British 
common\wc-iilih»,  the  tendency  has  beoi  much  more  to  emphasize  the  dynamic 
and  fenctic  aqyect^.eqicdany  under  the  lcedendiq>  of  Cowies,  in  the  develop- 
ment of  the  SUCCeariomJ  idea.  The  quadrat  method  of  PorM>  and  CtBiiEllTS, 
to  be  sure,  was  a  notable  contribution  to  physiognomic  ecology,  but  CLENrrvTS 
became  ;in  early  con\ert  to  the  successional  doctrine,  and  has  been  one  of  its 
most  voluminous  expoitenl».    Thus  the  .Vnglo-AmeneuJis  and  the  rest  of  ihe 

world  hnve  come  to  present  united  and  oppoMng  fronts,  and  the  sitoatiaa  has 

become  sufficiently  tense  to  induce  the  remaifc  fromRoniLL/  "Entre  divers 
partis  des  phytogeographes  la  (livcrgcncc  grandit.  on  pourrait  deja  dire  la 
lutte  s'entlamme."  The  first  part  of  his  statement  is  true  enough,  and  the 
latter  part  could  easily  have  bm>me  so,  if  the  one  side  had  been  as  willing  to 
accept  battle  aa  Uie  other  araa  to  offer  it.  It  goes  without  saying  that  audi 
a  situatioo  is  a  most  regrettable  one  for  the  science  of  ecotogy.  It  is  cncoung- 
ing  therefore  to  note,  in  a  group  of  recent  Continental  p;ipers  in  ecology,' 
a  markedly  incrc.ised  toleration  of  the  successional-dynamic  point  of  view, 
as  well  as  indications  that  physiogmunic  methods  may  yet  be  developed  that 
will  not  seem  too  metaphysical  in  conception  and  too  unwieldy  in  praatioe 
for  tile  American  tempenunent. 

RObel's  three  papers  are  especially  valuable  as  a  comprehensive  and 
highly  condensed  summar>'  of  the  progress  of  ecolo^.  He  traces  the  early 
growth  ui  the  science,  from  the  vague  hrst  beginnings  with  Thsophkastus 
and  the  more  or  leia  disoonmerted  oommnt  of  eady  modem  taxooomic 
botaaista,  throu|^  its  evohationasa  subspedeaof  phytogaognqil^,  to  ita  present 
and  indcpoident  devdopment.  The  hktory  of  the  numcroua  cfforta  t»  airive 


4RoillU|  Laks-(;i:nnak,  Physionomistique  et  6colagie  raitonn^.  Sven&k 
BeisnidLTiihkilft  14:130-146.  1930. 

I  Rtoit,  EovAiD,  Anfibige  and  Zide  der  Geobotaaik.  Viertd|ahfssdu-.  Ntf^inf . 
Gcsdls.Z1lricii  61:629-650.  1917. 

 ,  t)ber  die  Entwiddung  der  GdeUschaftsnoipholagie.  Jour.  £col. 

8:18-40.  1930. 

 ,  Die  Entwicktuiig  dcr  Pflsiwrnnwriqlggie.  Viertdjahnschr.  Naturf. 

Ge^-ell;-.  Ziirirh  65;  -;7^-6o4.  io?o. 

BaAUN'BLANQUET,  J.,  Priiiidpien  eincr  SysUmatik  der  Pflanzengesellschaiten 
auf  fiorisHsdier  Grttndlage.  Jahib.  St.  Gslfadiett  Naturw.  Gesdls.  57:305-351. 
1921. 

FiTnK(.,  H\N~-,  Aufj^'atK'ti  \md  Ziele eintt vtiigicichcndcn Physiotogie aaf  geogra- 
phischer  Grundlage.  pp.  4a.  Jena.  1922. 

PAUiOBEK,  Aivaa,  Die  Entfcmung  als  pflanzengeographischer  Faktor.  Acta 
Soc.  Fkiina  ct  Flon  Fenaica.  4fsno.  i.  1921. 
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at  flome  aattsfiBCtoiy  method  for  <|tta]ititadve  estinmtbm  of  vegetatioittl  values 

is  of  particular  interest.  The  methods  of  the  earlier  workers  were  heterogen- 
ous and  often  confused.  Later  methods  gained  in  th«'  matter  of  clarity  of 
ideas,  but  were  highly  conq>iicated  and  exceedingly  laborious.  Present  day 
effect  Is  tomxd  ain^)lificttk»,  and  m  this  the  work  ol  Radmkiakk  and  Braun- 
BLAMQunr  is  periiaps  most  promiaini^.  The  lattei's  fNqier,  in  additioa  to  tlie 
^ort  toward  clarification  and  simplicity,  just  mentioned,  is  notable  for  its 
proposal  to  classify  his  plants  also  according  to  their  d>'namic  \'alue,  that  is. 
in  American  tennindogy  their  succc3»sional  value.  He  propose  a  series  of 
five  vahiatkms  to  be  ai^[died  to  the  ^xides  in  any  given  assodatioa,  together 
with  ^mdwis  for  their  convenient  d<w%nntion»  IDs  dass  names,  iriUiaiiiinud- 
mate  English  equivalents,  are  aufbauend  (constructive),  criialtqid  (maintain- 
ing), festigend  (consolidating),  neutral  (neutral),  abbauend.  zerstBrend 
(disruptive).  The  idea  of  progressive  and  n^^ressive  succession  is  thus  clearly 
postulated. 

The  ecological  implkationa  in  FtniMO's  oontiibaCion  ate  all  tlte  moce 

valid  in  that  they  are  not  directly  intended.  The  author  is  a  physiologist, 
and  his  primary  concern  Is  the  avoidance  of  the  :irtifiri;il  r>nd  abnormal  condi- 
tions imposed  on  his  material  by  the  greenhouse  methods  of  ordinary  laboratory 
practice.  He  contends  that  tiie  physiology  of  plants  should  be  studied  where 
the  plants  natucaUsr  occur,  and  Insists  oo  the  study  of  dinatlc,  edapUc*  and 
blotic  factors  as  iJl^  affect  the  space  actually  occupied  by  the  plant  in  the 
fidd.  This,  of  course,  coincides  with  the  activities  of  the  younger  American 

ecologists  who  are  cnm-ing  physiology  out  of  (i(><ir-i 

Palkgben's  study  is  one  of  migration,  and  thus  uupucs  the  succ<^uaal 
viewport  diToui^iont;  it  is  the  more  notemrtliy  in  that  it  ms  conducted  on 
the  Aland  archipcbgo,  almost  withm  nght  of  Uppsala,  lliese  islands,  he 

estimates,  have  not  been  emerged  for  more  than  35oq  years;  moreover,  they 
are  high-boreal  in  position,  so  that  an  ecologist  with  the  successional  viewpoint 
can  extract  much  aid  and  comfort  from  his  conclusions. 

AH  this  is  gratifying  to  Americans,  but  as  yet  there  is  not  much  indication 
of  redprodty  on  our  part.  Fuller  and  Bakze  anticipated  the  German 
publication  of  RauNKJAKR  in  making  his  ideas  accessiltle  to  the  English-reading 
public,  but  little  or  nothing  has  been  done  in  this  countr\'  with  his  methods. 
Probably  most  American  ecologists  feel  that  still  further  simplilication  is 
needed.  Raumkiazi,  himself  admits  that  his  methods  involve  a  good  deal 
of  kbor.  Ilien  there  is  alio  the  dement  of  time;  it  gowraUy  takes  abont 
two  giaduate  "gwemtiaoa"  to  establish  a  sew  idea.'-IkAiiK  Tbonb. 

Stomatai  regulation.  — Lsuig  Lluvu's  methods  ui  studying  stomata,  which 
he  tfiiuks  have  been  critidaed  without  sufficient  reason,  LomiEtD^  has  made 


*  LorrpiELD,  J.  V.  G.,  The  behavior  of  stomata.  Carnegie  f  ubL  nOb  314. 

pp.  104.  1921. 
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an  extensive  study  of  diurnal  stomatal  changes,  the  influence  of  physical 
fnrtorson  the  opening  and  dosing  of  stomrita.  aiid  the  effects  of  these  stomatal 
moveinciits  on  transpiration.  The  main  observations  were  made  on  alfalfa, 
potato,  sugar  beet,  onions,  and  ceveab,  but  tome  sixty  species  m  s&  htve  been 
CTamtnwI.  He  finds  three  t3rpes  of  stomatal  behavior:  the  cereal  tjrpe,  typified 
by  bariey;  the  thin-leaved  mesoiAyte  type,  typified  by  alfalfa;  and  the 
fleshy-lea vod  t\-pc  fnot  confined  however  to  plants  with  fleshy  leaves).  txTtified 
by  such  plants  as  the  potato,  cow  beet, and  onion ;  each  ot  these  has  a  diUcrent 
dostire  xeactkn  to  extreme  condttiont.  The  cereals  show  no  opening  of 
Btomata  at  ndi^t,  no  matter  how  dight  the  opening  by  day  has  been.  The 
thin-leaved  mesophytes  have  die  stomata  usually  open  by  day  and  closed  at 
night,  but  tuider  extreme  eonditions  show  a  closure  during  the  nviddlc  of  the 
day,  correlated  witli  an  opening  at  night.  The  thick-leaved  plants  behave 
much  as  marsh  plants  do,  having  their  stomata  open  day  and  night  when 
water  content  is  high  and  evaporation  low,  and  showing  a  tendency  to  doae 
on^  when  the  evaporating  capacity  of  the  air  is  hi^. 

Many  details  regarding  tlie  efTectsof  environmental  changes,  such  as  light 
intensity,  temperature,  evaporation,  wind  flow,  water  content  of  soil,  leaf 
turgor,  and  habits  of  growth  on  stomatal  behavior  arc  prescnt(xl,  from  which 
one  may  dnw  the  gencrsl  oondusion  that  stomata  are  sensitive  to  environ- 
mental  conditions,  particularly  to  light,  and  to  factors  that  reduce  the  water 

content  of  the  leaf,  and  that  ihev  open  and  elose  a?  eonditions  necessitate. 
The  evaporation  studies  indicate  that  atniometirs  and  polomelers  do  not 
measure  accurately  the  total  etiecl  ul  evaporation  factors  upon  plants,  a 
result  that  is  not  niprising. 

The  final  section  on  the  effect  of  stomatal  movement  upon  tnnspiimtian 
throws  much  light  on  the  mooted  qut*stion  as  to  whether  stomata  exert  a 
regulatory*  function  in  transpiration.  Llovp  had  ronrludcd  in  tooS  that 
stomata  have  no  reguklory  fund  ion.  a  cuncius>ion  which  was  rendered  doubtful 
by  seveml  investigators,  including  Iljin,  who  studied  the  transpiration  of 
mesofdiytes  and  xerophytes  in  ravines  and  on  the  Russian  steppes,  and  wlio 
found  marked  evidences  of  regulation  of  transpiration.  Hi  is  work  b\  LorTririD 
seems  to  settle  the  question  definitely  in  favor  of  stomatal  regulation,  particu- 
larly when  ilic  ajK-nurcs  arc  nearly  closed.  As  long  as  the  apertures  are  more 
than  50  per  cent  open,  the  transpiiational  water  loss  is  oontrcdled  by  evaporation 
factors  alone,  but  with  closure  almost  complete,  the  stomata  rcgidate  veiy 
closely  the  water  loss  from  the  plant.  The  paper  is  beautifully  ilhistiated 
with  plates  showing  photomicrographs  of  stomata. — C.  A.  Shull. 

Anthocyan  pigments. — Noack?  has  found  rhamnose-free  flavonol  di^oo- 
sides  to  be  much  move  abundant  in  green  leaves  than  has  generally  been 
supposed.  In  such  leaves  as  be  studied  he  was  able  to  establish  the  esistcmoe 

7  Noack,  K.,  ZciUichr.   Botanik  14:1-74.  1922. 
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of  flavonol-anthocyan  in  couples  of  similar  glucosidal  nature,  but  secured 
no  evidence  of  arnmatic  nucleus  composition  in  such  cases.  He  suggests  that 
these  couples  function  as  a  reduction  mechanism  during  photosynthesis. 

WBBiOAiiti*  luid  alitt^jr  in^cated  icaioiii  for  bdieving  aathocym 
fmnatioa  aaaoctated  with  photoeynthetic  defect.  Ncmck's  woik  BtreDgthens 
this  view.  He  finds  fluorescent  media  in  the  presence  ol  light  capable  of 
oxidizing  anthocyanins  to  flavonoJs.  and  a  general  inverse  relation  between 
chloroplast  integrity  and  anthocyan  content.  Especially  has  he  shown  that 
abaenoe  of  carbon  dioude  will  cause  antbocyanin  formation  in  sunlight,  and 
that  engoigement  with  nigar  probably  acts  indirectly  (he  thinks  fay  disturbing 
the  pliotosynthetic  mechanism)  in  producing  anthocyanins.  That  there  ave 
serious  gaps  in  his  work  he  has  Ix-t-n  the  first  to  admit.  lie  has,  however,  given 
added  dignity  to  a  point  of  view  which  comes  surprisingly  cIom:  lu  liarmuny 
with  much  of  our  knowledge.  The  action  of  narcotics,  low  temperatures, 
hil^  iniolatioit,  and  ultiaviolet  Hglit,  nitrogen  and  phoafriiorua  starvatioii»  oa 
well  as  extremes  of  youth  and  senescence  in  photOQmtliettc  orgsna,  certainly 
fall  in  line  with  such  a  conception  in  a  most  disarming  way. 

'I'hf  formation  of  anthocyanins  l)y  mluctii)n  from  liavonols.  as  well  a.s 
Willsiaixkk's^  general  scheme  for  cotur  change,  are  elucidated  by  EvbKtsi 
and  Hail*  in  a  trenchant  reply  to  the  paper  of  Sribata,  Shdata,  and 
KAflnrACl."  It  will  be  recalled  that  the  latter  workers  attribute  color  conditiona 
to  metal  organir  or  complex  compounds  of  reduced  flavonol  glucosidcs, 
rather  than  to  alkaline  phenolic  salts,  free  stages,  and  red  oxonium  salts  of 
anthocyanins.  In  the  present  paper  strong  evidence  is  adduced  that  this 
contention  is  based  upon  work  with  supposedly  pure  substances  which  were 
actual^  miztuiesy  and  the  resultant  analyses  are  pronounced  of  no  value. 
It  is  interesting  to  note  that  Everest  and  Hall  now  believe  blue  flower 
pigments  to  be  of  two  general  types,  the  alkali  phenolic  salt  of  anthocyan, 
which  polymerizes  to  colorless  on  standing,  and  the  iron  double  salt,  stable 
in  dihtte  aohition.  They  have  also  demonstiated  the  existence  of  flavone 
Sttfastanoes  in  a  nundwr  of  very  young  buds  previous  to  anthocyan  formation, 
but  have  failed  to  find  anthocyans  preceding  fiavone  formation  in  flavone- 
holding  organs. 

1  here  can  be  little  doubt  that  botanists  arc  now  ready  to  look  with  the 
keenest  interest  toward  precise  chemical  oomparisona  of  flavone  and  anthoqran 
pigments  wherever  the  two  are  found  associated,  whether  slmuUaneomiy  or 
in  sequence.— PAm.  B.  ScAS$. 


*  WHBtOAiB,  M.,  Tlie  aathoqran  pigBkcnts  of  plants.  1916  (p.  81). 

t  WnxsTXTXxa,  R.,  and  Evkbbst,  A.     Licbig's  Ann.  Chem.  401 : 189-234.  1913. 

*  EvsaasT,  A.  E.,  and  Hall,  A.  J.,  Pkoc.  Roy  Soc.  B  fa:tse-t6x.  1921. 
SnmAtA,  SanATAt  and  Kasiwaoi,  Jour.  Amer.  Chem.  Soc.  41:108.  1919. 
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Ecology  of  heather. — One  of  the  mo?t  commendable  features  of  modem 
ecology  is  scoi  in  the  present  tentiency  to  focus  attention  on  some  particular 
plant  which  it  enmined  as  to  its  re^nses  imd  limitations.  A  notable  exa^^)le 
of  thit  type  of  investigatkm.is  wen  in  Mim  Ravmer's  studies  of  CaBmta 
vulgaris.  In  a  prdimtnitry  paper"  she  pointed  out  that  while  the  plant  has 
been  regarded  as  a  typical  calciphobe.  it  (xcurs  in  sharply  defined  communities, 
on  the  chalk  downs  in  Wiltshire  and  Berkshire,  and  appears  able  to  compete 
with  the  vegetation  characteristic  ol  the  downs.  According  to  this  investiga- 
tion the  heather  comnwinities  appeared  limited  to  a  heavy  rich  loamy  soil 
iclativ^  hi|^  in  magnesiiun  content  and  neutnl  in  reaction.  Beytnd  these 
COOimimitics  there  was  a  poor  chiilk  soil  with  40  per  cent  of  calcium  carbonate. 

An  examination  of  the  germination  and  seedling  habits  of  Calliina*^  showed 
that  ihc  seedlings  developed  normally  upon  the  soil  from  the  heather  areas 
and  abnormally  upon  tlie  diaDc  aoQ.  Upon  the  latter  the  germination  was 
reduced  and  letaided,  the  development  of  the  root  and  shoot  arrested,  and 
the  lca\TS  were  small  in  size  and  red  in  color.  The  seedlings  were  found  to  be 
infectal  with  a  mycorhizal  fungus  shortly  after  germination,  the  mycelium 
coming  from  the  seed  coat  which  seems  to  have  been  infected  while  stilJ  in 
the  ovniy.  Seed  csa  be  starilifed  with  no  effect  upon  gemination,  but  in 
the  absence  of  infection  '■"""p'***  anest  of  not  ioiniatioa  oociin*  dmring 
the  relation  of  Calluna  to  the  root  fungus  to  be  obligate. 

.\  further  examination  of  this  symbiosis.'*  already  noted  in  thb  journal. '5 
proved  even  more  conclusively  its  obligate  character  and  the  absence  of  root 
developmciit  &i  sterile  cnltnres.  The  fiingits  was  found  to  be  pcesent  in  all 
parts  of  the  plant  infecting  tbe  testa,  but  not  the  embiyo  and  endospcm  of 
the  seed.  The  fungus  was  isolated,  grown  in  pure  cultures,  and  sterile  — 
were  inocidated  with  resulting  normu!  '^I^^wlopment. 

In  the  most  recent  contribution  M;^  Kayner'^  has  succeeded  in  deaum- 
stnting  by  experimental  cultures  that  CaffwM  tidgatis  will  not  grew  on 
cakaieous  tcSh  because  of  an  inimifal  fsdoTi  cbemical  in  nature*  present  in 
such  soils.  The  exact  chemical  character  of  this  fsctOT  ts  as  yet  unknown, 
Init  it  seems  probable  that  it  is  ciTcctive  1)\-  altering  the  infcctibility  of  the  root 
cells  of  the  seedlings  and  their  relations  with  the  mycelium  after  infection. 
It  does  not  seem  to  affect  the  fungus  when  growing  outside  the  plant.— *Geo. 
D.  Fdixek. 

"  RAYNEk,  M.  C,  and  Jones,  W.  N.,  Preliminary  obaervationa  on  Uie  ecolog>'  ot 
Cattwta  Mdiorit  on  the  Wiltshire  and  Berkshire  Downs.  New  FhytoL  lOtssT-aiOb 
;fifs.  2.  1911. 

•*  ,  The  ecolog>'  of  Caliuna  vulgaris.   New  Pbytoi.  13:59-76./^  /. 

fits.  a.  1913. 

 ,  Obligate  symbioMS  in  CsUbMW  SM^fsrit.  Ann.  Botsay  m$t^i%$. 

pi.  6.  figs.  4.  1915. 

«  Box.  Qxz.  60 : 166.  1915. 

**Katnbr,  M.  C,  The  ecology-  of  ColfwM  vaffsrii.  IL  The  csldfuge  habit 
Jour.  Ecol.  9:60-74.  fl.  X.  X921. 
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Cy^ogy  of  Neottia  mdus-avis.— A  paper  by  MoDiuvSKl,'^  dated  ii)i8, 
has  just  reached  this  countrs-  from  Kiev,  Russia.  The  paper  is  in  R  i-sian, 
but  has  a  nither  complete  summan,-  and  an  explanation  of  figures  in  English. 
The  cytological  part  deals  principally  with  the  behavior  of  the  chromatin 
during  die  two  reductkm  (Uvuioiis  in  oofeneiis.  Purtkular  attoitioB  was 
ftvcn  to  the  character  of  the  quicni  tihiead,  and  the  conclusion  wss  fetched 
that  no  true  double  structure  is  pre5?ent  cither  before  s>TiapsIs,  during  sATiapsis, 
or  immaliateiy  after,  although  in  rare  cases  a  parallel  orientation  could  be 
seen  in  the  late  ^urem  stage.  Before  the  diakinesis  stage  is  reached,  a  double 
chancter  is  essQy  obsenred,  and  eighteen  bivalent  dmnuMomes  are  fbnned» 
some  of  triudi  axe  laiger  than  others.  One  of  the  bivslents  is  much  longer 
than  the  rest,  and  is  conspicuous  during  the  subsequent  stages  of  division. 
MoDiT.F.vsKi  believes  that  in  structure  the  chromosomes  are  masses  of  threads, 
and  that  there  is  no  vacuolization,  like  that  described  by  Gsjegoole  and  many 
othen.  Besides  ^  long  chromosome,  thece  are  time  otliets  whidi  are 
motphologically  differant  from  the  remaining  iourteeo  chromowomes;  Iwwever, 
he  does  not  seem  to  think  that  this  »tuatktn  has  any  serious  value  for  theoretical 
considerations.    Reduction  was  also  studied  in  the  pollen  mother  cell 

Some  attention  is  given  to  the  nucleolus,  which  bethinks  consists  of  two 
distinct  morphological  and  chemical  constitucnta.  One  element  h  the  perma- 
nent nucleolus,  which  stains  with  tooP'hscmatowylin,  and  to  identicai  with  the 
nucleolus  of  somatic  nudei  The  second  has  the  shape  of  a  sickle  and  rests 
upon  the  other  like  a  cap.  It  stains  like  chromatin.  These  two  kinds  of 
nucleoli  always  appear  during  late  synapsis  in  NeoUia  JSidus-nvis.  During 
the  two  reduction  divisions  of  the  mega^re  mother  cell  no  walls  are  focmed, 
and  all  four  mcgaapores  take  part  in  the  development  of  the  embryo  sac 
The  two  antitx}dal  nudd  do  not  divide  again,  but  the  other  two  enlarge  and 
divide,  so  that  there  arc  four  nuclei  at  the  micropylar  end  of  thf  sac.  They 
lievelop  a  t\'pirnl  egg  apparatus  and  a  polar  nucleus.  One  ot  the  male  nuclei 
fuses  with  the  egg  nucleus  and  the  other  with  the  micropylar  polar  nudois.  As 
the  young  embiyo  devdope,  four  free  nudd  are  found  hi  the  embryo  mc,  one 
of  them  a  qmcfgid  nucleus,  the  two  antqwdal  megaspore  nuclei  I  the 
nucleus  formed  by  the  fusion  of  a  sperm  with  the  micropylar  polar  nucleus. 
There  is  no  free  nuclear  division  or  any  ionnation  of  endoapeim.— C.  J. 
Cmamueri  AIX. 

Sporidial  infection  in  Puccinia  graminis. — A  recent  contribution  to  the 
series  of  studies  in  the  physiology  of  parasitism  emanating  from  the  imperial 
College  of  Science  and  Tedmology  (London)  is     Wateibousb,'  dcfcribing 

>'  MoniLEvsKi,  J.,  CytologiGal  sod  embiyolagiad  studiei  on  NeaUia  Nidiu-«ns* 
PP-  55-  P^^-  «9«8- 

■*  Wateshouse,  W.  L.,  Studies  in  the  physiology  of  panuitiui.  VII.  Infection 
of  Bwiwii  9ut§aHs  by  qMridia  of  Fueeima  tnmimt.  Am.  Botany  WSSTS^ 
Jtp,  ig.  1991. 
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host  iR-notration  fay  the  sporidial  germ  tube  of  the  cereal  stem  nut  fungus. 
Although  Eriksson*  studied  sporidial  infec  tion  in  the  mallow  ni5t.  concluding 
that  penetration  i:4  dircttly  through  the  epidermal  cell  wall  and  never  thruiigh 
stomata,  no  careful  study  of  the  mechanism  of  entry  of  the  ^ridial  germ 
tube  hu  previoiuly  been  nauAis,  In  tbe  present  aooount  pcnekratioa  is  shown 
to  result  from  mechanical  action  alone,  the  structures  concenied  in  the  process 
beinp  a  mucilaginous  investment  of  the  germ  tube  and  a  fine  stylo  like  inft-otlon 
hy(>ha.  originating  either  from  the  germ  tube  or  the  spori<lium  direc'tly.  The 
entty  of  the  parasite  at  first  causes  no  visible  alteration  of  the  host  cell  contents. 
This  manner  of  paiadtic  entrjr,  that  >s,  hi  the  absence  ol  visible  chemical 
softening  processes  of  the  cuticle,  is  similar  to  that  previous^  npotttd  for  the 
infection  hypha  of  Botrylis  and  ColUtotrichum,  and  for  the  zoospore  of  Synchy- 
trium  (Cttitts).  A  new  interest  h  thereby  given  to  studies  of  disease  resistant 
or  disease  escaping  plants  directed  toward  the  mechanical  properties  of  the 
cuticle  and  odl  wall.  Evidence  that  resistance  to  infection  of  potato  by 
Pj^tm  deheryattum  is  of  this  type  bas  already  been  presented  (HAWKDfsand 
Harvfv)  ;  similarly  for  resistance  in  the  tomato  to  infection  fay  Macmpormm 
toimlo  (Sando  and  Rosexbaitm), 

The  question  is  pertinent  whether  the  resistance  or  immunity  shown  by 
different  species  of  B«tbm$  to  infection  by  Puccinia  grammU  ia  due  to  mecfaam- 
cal  esclusion  of  the  genu  tube  by  a  heavy  cutide.  There  is  some  evidence 
that  this  may  be  true  for  the  evergreen  thick  leaved  ^>ecies  of  Berberis  generally 
referred  to  Mahpnia  or  OdosUmon.  Greenhouse  inoculations  with  several 
forms  of  Fuccima  graminis  have  resulted  in  infection  of  very  young  leaves  of 
Berberis  Irifoliolata,  B,  PremoiiiUf  and  the  tall  fonn  of  B.  AquifotUm^Odos- 
lemoH  NudtatMs  (DC)  Rydb.^  althott|^  on  the  last  named  host  only  abortive 
pycnia  and  no  aecia  developed.  Some  other  factor  appears  to  be  concerned 
in  the  immunity  of  Brrheris:  Thunbergii  to  cereal  stem  rust,  since  this  plant 
has  soft,  thin  leaves  which  lack,  a  well  developed  cuticle. — Fkeeman  Weiss. 

Further  studies  on  Ttaetipteris. — The  life  history  of  the  Psilotales  is 

becoming  as  well  known  as  that  of  more  accessible  IvcoixkIs  through  the 
toniumed  researches  of  Hollo\vay,'»  who  has  publishal  a  second  paper  on 
the  prothallus  of  TmesipieriSy  contaimng  additional  observatioDs  made  possible 
by  the  finding  of  more  than  aoo  additional  {Mothallia.  Tmetipteris  and 
Psilotum  lx)th  have  sporelings  which  resemble  their  gametophytes.  This 
similarity  i>  not  considercNi  by  Htvi.i.owAV  as  being  sufficient  evidence  for  the 
primitiveness  ot  the  Psilotaceae;  but  he  points  out  that  this  close  correspond- 
ence is  not  found  in  the  life  historj-  of  other  modem  Pteridophytcs.  This 
resemfaJance  between  the  two  generations,  the  superficial  positton  of  the  sex 
organs,  the  persbtent  sm^e  apical  cdl  of  the  piothalhis,  the  dichotomous 


'IIoi.LowAY.  J.  K.,  Further  studies  on  the  prothiiIlu>,  einbr>*o,  and  jroong 
sporophyte  of  Tmesiptcris.   Trans.  New  Zealand  inst.  53:386-423.  1931. 
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bnndiingt  the  absenoe  of  a  primaty  tubode^  and  the  lack  of  diffatsitiated 
tlMiie  "uay  all  be  urged  as  more  or  leas  pnmitive  ft-aiures."   The  abflenoe 

of  a  suspensor  the  author  thinks  may  be  compcn?;ati'<l  for  l)v  the  hausforial 
protuberances  of  the  foot.  The  same  foot  stmeture.  however,  also  occurs  in 
certain  spccit^  of  Lycopodium  which  do  develop  a  su^ipeu^or.  I'hc  absence 
of  the  siuiienaor  is  also  counted  as  a  primitive.featute. 

Vik  discussing  the  cigttificancc  of  its  embiyogsny,  which  is  "the  simplest 
among  cxistinp;  ptcridophytcs. "  the  author  states:  "While  not  suggesting 
thai  Tmcsipli-ris  has  actually  been  derived  from  the  Anthoi  rros:  cycle  of  afhnily, 
it  is  clear  that  the  absence  from  the  former  of  aiiy  such  organs  as  root  or 
cotyledon  suggests  that  they  approxunate  in  so  far  as  th^  both  represent 
pnmitive  lines  of  development.  That  the  simplicity  of  Tmenpteris  is  not  due 
to  reduction  is  a  belief  which  has  greatly  been  strengthened  by  the  discoveiy 
of  the  rootless  and  leafless  Rhyniaceae.  The  enibr\  ogcny  of  Tmesipteris  as 
described  in  the  present  paper  makes  more  clear-cut  the  theoiy  of  the  origin 
of  the  sporophytc  of  the  Pteridophyta  firam  an  ^ffCiboirwt-fike  jqxMaogiuin. 
....  The  only  new  feature  to  be  postulated  here  is  tiie  ezten^on  in  length 
of  the  shoot  from  an  apical  meristem  instead  as  in  Anthoit-ros.  from  an  in- 
definite basal  meristem,  and  the  initial  cause  of  the  shoot-elongations  might 
be  set  down  as  being  the  adoption  of  a  subterranean  mode  ot  life  by  the  gameto- 
phytc.*— E.  A.  SnssAKO. 

Life  cycles  of  bacteria. — LoHNlS**  has  published  a  comprehensive  sun'e^'  of 
the  literature  dealing  with  cdl  forms  of  bacteria  and  their  significance  in  relation 
to  the  Ufe  history  of  these  oiganisms.  The  discussion  is  amply  iUustrated 
with  over  40  plates  containing  ncariy  400  figURS. 

The  first  section  of  the  monograph  contains  a  discussioii  of  cell  forms. 
The  author  attempts  to  refute  the  monomorphistic  dex  trine  of  Cohn.  Kocti, 
and  their  followers,  ll  is  ^hown  that  many  bacteria,  po^bly  all,  are  pleo- 
morphic, and  that  the  vaiying  cell  fonns  often  referred  to  as  "invohitkm'*  or 
"degeneration"  fMmsarereally  different  stages  in  the  life  cycles  of  bacteria.  Itis 
admitted,  however,  that  our  knowledge  conoeming  the  reUttionshlpa  of  these 
forms  is  all  loo  meager. 

In  the  second  section  reprwluctive  organs  are  discussed.  These  are 
gooidia,  regenciative  bodies,  emspores  and  endospores,  arthrospores,  and 
microcysts.  Of  these  the  gonidia  and  regenerative  bodies  appear  to  take  the 
most  active  part  in  reprcKluciion,  while  the  other  organs  maj'  represent  resting 
forms.  It  i^  claimed  that  gonidia  arc  common  to  all  bacteria.  The  fact  that 
they  have  not  always  been  observed  may  be  due  to  their  small  size  and  high 
motility.  Rcgeoeiative  bodies  may  be  of  any  shape,  and  are  produced  either 
by  the  vegetative  cell  or  the  "symplasm." 

*L6h.\is,  F.,  Studies  upon  the  Htc  cycles  of  the  bacteria.  Part  I.  Review  of 
the  Ktciature,  iS3ft'i9i8.  Mem.  Nat.  Acad.  Sd.  16:  Second  menolr.  pp.  251.  pU. 
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Tlie  tMid  section  of  the  monograpli  contains  a  discussion  of  this  symplastic 
or  amorphous  state,  in  which  it  is  claimed  thnt  nil  bacteria  may  live  and  from 
which  new  cells  may  form.  The  monograpii  concludes  with  bdef  discus- 
tioDft  of  "coajuncticm"  and  of  methods  of  study.  While  LOhmis'  diwmwoti 

of  nl*niiiiniwA{m  jg  CKcdIcnt.  it  HHUt  be  admitted  that  >h*  Mi'limrw  dfiling' 

with  reproductive  organs  and  with  symplasm  are  not  entirely  convincing. 
It  is  at  times  difficult  to  follow  his  interpretations  of  the  illustrations.  At  the 
same  time,  the  monograph  is  very  suggestive  of  lines  of  work  which  ought  to 
be  followed  in  the  study  of  the  life  cycles,  of  the  lower  organisms.  Such 
invearigariono  would  be  well  wortli  wliile.^j.  F.  Noktqn. 

Mycorhtza  of  forest  trees. — The  conclusions  of  McDougau."  that  "the 
tree  is  not  benefited  by  association  with  the  fiingus,  and  that  the  ectotrophic 
niyvodiiiaa  arenot  symbiotic  asMciatioDS,  but  are  instanoea  of  the  pararitlsm 

of  fungi  on  the  roots  of  trees,"  bave  CKuaed  wme  doubt  of  the  importanioe 

ascribeil  to  root  fungi  by  Frank  and  other  earlier  workers.  .\  recent  preliminary 
paper  by  Melik,**  however,  indicates  that  in  all  probability  McDoit.xt.l 
was  unwarranted  in  rendering  so  general  a  verdict,  and  while  mycorhizas 

may  be  quite  uninportant  for  many  American  tices,  thqr  nevertbdcss  aamt 
in  the  nutritive  i»00Kses  of  certain  species,  and  may  be  an  absolute  neceari^ 

for  some,  as  recaitly  shown  by  R.wxER'i  in  the  case  of  CaU-n:~:  '^'ilgaris. 

In  the  present  investigation  Melin  has  found  that  the  raycorhizas  of 
Finus  sUvcstris  and  Ficeu  Alnes  cause  &  limited  develo{Hnent  of  rootlets. 
In  tbe  f onner  the  dichotomous  branching  it  often  modified  by  the  dewdbprnent 
of  nodules  as  large  as  peas,  composed  of  many  densely  crowded  short  bmndiea. 
Three  mycorhiiUiI  fungi  have  been  isolated  from  the  PIuuj  by  this  worker, 
and  one  from  the  Picea.  They  have  been  preliminarily  callerl  Sfyrelium 
radios  siivestris  and  M.  radicis  ainetis.  Their  systematic  position  and  internal 
lektiona  are  for  the  ineaent  Mt  open.  Thqr  are  acfobic  organisms  gruwiiig 
more  vigorously  in  an  add  substratum,  are  eaoeedingly  spedaliaed ,  and  deveky 
slowly.  No  fixation  of  nitrogen  takes  place  in  pure  cultures  of  the  fungi, 
although  there  is  e\'idcnce  that  the  mycorhizasof  Pinus  siivcstris  fix  the  nitrogen 
of  the  air.  Seeds  of  both  these  trees  germinate  without  the  fungi,  and  there 
is  no  duscminatioQ  of  the  fungi  by  the  seed.  The  fnngi  fnna  pun  oiitures 
infect  sterile  seedlings  through  root  hairs,  and  the  young  plants  then  devdop 
more  vigorously.  At  first  the  hyphae  grow  prhacqiaQy  la  tbit  interfor  of 
cortical  cells,  where  they  form  a  pseudoparench>Tna  of  the  same  appearance 
as  in  the  fungus  mantle  of  the  completely  developed  mycorhiza.  Later  the 
"Hartig  tissue*'  and  the  fungus  mantle  are  formed. — Geo.  D.  Fitller. 

« McDoucAix,  W.  B.,  On  the  mycorhizas  of  forest  trees.  Amer.  Jour.  Bot. 
1:51-74.  ph.  4.  fig.  J.  1914. 

"  MsuN,  Elias,  On  the  mycorhisasof  Fims  sibmstHs  L.  and  PkmAikt  Kant. 

A  preliminary  note.  Jour.  Fcol.  9:254-257.  1022. 

^  Kaynek,  M.  C,  Obligate  symbiosis  in  CaUuna  vtUgaru.  Ann.  Botany  29:97- 
153.  J9>5. 


Digitized  by  Google 


19321 


CURRENT  UTERATURE 


507 


PIgBMBt  deyelopment  in  Cyanophyceae. — Boresch^  finds  that  as  cultures 

of  Phormidium  Rilzii  var.  fugroviolacea  ajrp  the  color  gradually  changes  from 
the  aormal  olive  green,  olive,  or  sepia  brow  n,  through  violet,  red  violet,  brown 
red,  red  brown,  or  even  yellow  brown.  The  addition  of  a  small  amount  of 
iron  salts  leads  to  the  return  of  the  orii^nal  color  in  a  few  days  in  diffuse  UghL 
These  changes  can  be  repeated  in  a  given  culture  at  pleasure.  The  author 
believes  this  is  the  first  case  of  iron  chlorosis  reported  for  algae,  although  a 
number  of  cases  have  I>een  reported  in  higher  plants  under  practical  growth 
conditwns.    In  the  young  cultures  there  is  much  of  a  red  violet  water  soluble 

protein  pigment  widi  a  Venetian  htwm  fluoraaoenoe  along  with  much  diloio- 
piQrU  and  carotin.  As  the  color  dianges  with  iron  defidenqr,  the  Carptin 
remains  undiminished,  but  the  other  two  pigments  largely  disappear. 

The  author  states  that  it  was  known  already  that  aside  from  species 
characters,  the  main  conditions  that  have  interested  investigators  in  pigment 
development  in  the  bhie  green  algae  aie  N-chlorosis,  which  ia  very  like^r  to 
occur  in  ordinary  Cttltufes  with  aging,  and  the  effects  of  ialcmity  uad  quality 
of  light.  In  monochromatic  light  there  is  a  change  in  the  quantity  of  phyco- 
c>'anin,  and  in  full  sunlight  there  is  a  great  diminution  in  the  amount  of  both 
chlorophyll  and  phycocyanin. — ^Wm.  Crocker. 

Use  of  nutrient  salts  of  low  solubility. — The  value  of  certain  relatively 
insoluble  salts  as  soxu'ces  of  necessary  ions  for  the  growth  of  seed  plants  has 
been  tested  by  Duogak**  in  a  variety  of  combinations,  but  by  no  means 
covering  the  enthe  range  of  poaaihility.  It  is  argued  that  in  certahi  types  of 
work  many  advantages  may  accnw  from  the  use  of  combinations  of  insoluble 
salts,  because  of  the  tendency  to  mninfain  a  constant  conrentration  of  the 
various  ions  furnished,  and  also  because  no  renewal  of  the  solution  (except 
as  to  addition  of  NOj)  is  required  from  day  to  day.  In  each  of  three  cultures 
in  which  wheat  or  wheat  and  com  were  used,  one  or  more  of  the  oombinations 
containing  two  or  more  insoluble  salts  i  xceeded  the  growth  in  the  best  control 
culture  employed.  Soluble  ferric  phosphate,  and  in  certain  cases  ferric  citrate, 
proved  very  valuable.  The  reason  for  the  marked  beneficial  action  of  these 
is  not  yet  determined.  In  most  cases  in  these  ejq>eriments  the  Pa  lay  between 
S.6  and  8.0,  and  with  growth  the  P«  shifted  somewhat  toward  albdmity.' 

WM.  CkOCKBR. 

Life  histofj  of  a  PsdssOa.— Sbeak  and  Doooe^  have  uncovered  an 
Interesting  life  history  of  an  Asoomjroete,  and  have  Illustrated  the  present 


**  BoRESCH,  K.,  tin  neucr  die  Cyanophycccnfarbe  bestimmender  i-aktor.  Bcr. 
Bot.  Geidls.  s8:aM-987.  1920, 

•iDuooAR,  B.  M.,  The  use  of  "Insoluble"  salts  hi  balanoed  solutions  for  seed 

plants.   Ann.  Mo.  Hot.  Gard.  7:307-327.  1920. 

Shear,  C.  L  ,  and  Dodhf,  R.  O  ,  The  liiV  history  and  identity  .>(  -  P.itdlina 
fraianae,  '  " Leptotkyrium  macrotkrcium,"  and  teztza  oenolh^ae."  Mycologia  ij: 
131^1701.  fk.  9-n.  1991. 
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chaos  in  the  taxonomy  and  morpholos>'  of  this  group,  and  ihr  impcraiiM-  lu  i  d 
of  a  more  st;il)lc  >ysieni  <if  nnmenrlatun-.  A  study  of  the  iife  histor>-  the 
Ascomycetc  to  which  liicy  assign  the  name  I'tstseiiu  lylhri  reveals  the  following 
facts.  The  life  cyde  indudei  three  stages.  The  oooidial  stage  has  received 
at  least  seven  generic  and  ten  specific  names;  the  pyoudial  stage  has  been 
referred  to  at  least  four  genera,  and  has  had  at  least  twelve  specific  names; 
wliile  the  ascogfcnous  stage  has  been  dc:-^cribcd  hut  once  so  far  as  known.  In 
one  or  another  of  its  stages,  this  fungus  has  been  found  on  about  lif ty  ditfcrent 
host  plants,  wid^  distributed  thnnghont  North  Ameiiw  and  Etirope,  and 
it  also  occun  in  South  America.  With  such  a  lange  of  forms  and  hosts  and 
feopraphical  occurrence,  it  is  not  surprising  that  names  multiplied,  but  inten- 
sive studies  of  liie  bustories  will  bring  some  order  out  of  such  confusion.— J.M.C 

Shus  poiaottiBf . — The  nature  of  the  poisonous  principle  in  Rhus  and  the 

method  of  its  transmission  from  plant  to  person  has  excited  much  controversy. 
There  have  heen  two  main  theories:  (t)  that  the  ixiisnn  is  volatile,  and  there- 
fore infection  can  lake  place  without  contact  with  the  plant,  and  (2)  thai  the 
poison  is  nourvolatfle,  contact  with  the  plant  bdng  necessary  for  infection. 
McNaii^  reports  the  results  of  experiments  which  lead  him  to  conclude  that 
the  poisonous  principle  is  non-volatile.  I'oisoninp;  without  contact  with  the 
plant  can  occur  only  by  contact  with  something,  such  as  clothing.  sh<x^.  etc., 
which  has  the  poison  on  it,  or  from  the  smoke  of  the  burning  plants,  the 
soot  of  which  seems  to  cany  the  poison.  He  finds  that  the  poisonous  prim,  iple 
is  confined  exdusivdy  to  the  lesitaous  sap  of  the  lesin  canals.  The  literature 
of  the  subject  is  well  summarized,  the  work  of  Pfaff.  who  concludes  that  the 
poison  is  a  non-volatile  skin  irritant,  bemp  especially  emphasized.  PfAF7 
applies  the  name  toxicondendrul  oil  to  the  poison. — S.  V.  Eaton. 

Inhibition  by  metabolic  products. — ^rHAWBKRS**  finds  that  the  hydrogen 
ion  concentration  of  the  culture  medium  is  very  important  in  cultures  of 
BaciUus  cdi.  There  is  a  slight  checking  of  growth  at  ?■  5.5,  and  an  increasing 
intensity  to  lethal  concentration  between  P«  5 .1  and  4<9>  Inhibititm  begiiis 
on  the  alkaline  end  from  ?■  7.0  and  7.6, depending  upon  age  of  culture  and  odier 
factors.  Pii  7  6 1*5  comparable  in  inhibiton*  action  with  Ph  5- 1.  In  an  asparagin- 
CaCO,  V)ouillon  I'h  Q  >  is  not  fatal.  In  cultures  with  the  hydrogen  ion 
concentration  controiied,  the  maximum  count  was  3,750,000,000  bacteria  to 
the  cubic  centimeter,  contrasting  wiA  281,000,000  in  dextrose  boutUon  with 
the  hydrogen  ion  uncontrolled.  "The  inhibitory  action  of  the  metabolic 
products  of  de.\tn»(.'  other  than  the  hydrogen  ions  is  only  evident  near  the 
critical  add  concentration." — Wm.  Ceocker. 

*rMcNAn,  Jambs  B.,  The  tnuismis^  of  Skm  potoon  horn  plant  to  penon. 
Amer.  Jour.  Bot.  8:238-250.  1921. 

'•Thambfrs.  \V.  TI  ,  Stiidie-  in  the  phy-inlofr>'  of  tho  fungi.  XI.  Bactcrill 
inhibition  by  metabolic  products.    Ann.  Mo.  Bot.  Gard.  7:249-289.  1940. 
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